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ABSTRACT
Many unanswered questions on the epidemiology and ecology of eastern equine 
encephalomyelitis (EEE) still preclude a complete understanding of its natural history. 
Among these are the distribution and epidemic vectors of EEE virus (EEEV) in different 
regions, habitats, and foci; its inter-epidemic maintenance, and overwintering 
mechanisms.
Phase 1 of a research project designed to find answers to the above questions with 
regard to southeast Louisiana was conducted over 1992 and 1993, and consisted of 
several individual studies. These included 3 mosquito studies to determine major horse- 
and bird-feeding mosquito species that could be the EEEV epidemic vectors in southeast 
Louisiana; a chicken serological study to establish and monitor EEEV activity in the 
study areas so that the epidemic vector potential of the identified major species could be 
verified and a transfer interval between birds and horses or humans could be determined; 
and a horse serological study to deal with the distribution, inter-epidemic, and 
overwintering mechanism questions. An attempt was also made to assess the influence 
of environmental factors on the population dynamics and feeding patterns of the identified 
major species.
The results of these studies are summarized as follows:
1) Many major horse- and bird-feeding species were identified. However, only Culex
(Melanoconion) spp. was strongly suggested as a potential epidemic vector of
EEEV. The species avidly fed on both horses and birds, its population increased
simultaneously with increasing EEEV activity, it shares breeding habitats with the 
endemic vector, Culiseta melanura, and it is ubiquitous;
2) an even distribution of EEEV in St. Tammany Parish was established, thus 
providing a base for future similar studies;
3) continued EEEV activity and transmission during 1993 was indicated even though 
the year was non-epidemic;
4) continued EEEV activity during the 1992/93 winter months was also suggested, 
thus casting doubt on the necessity of an overwintering mechanism;
5) the results demonstrated that appropriately located private chicken yards could be 
an inexpensive and effective EEEV monitoring tool and that vaccinated horses 
might be a valuable tool for detecting and, perhaps, monitoring EEEV inter­
epidemic activity;
6) the environmental factor assessment had little success and the transfer interval 
could not be determined.
x
INTRODUCTION
Eastern equine encephalomyelitis (EEE), also called eastern encephalitis (EE) is 
an often fatal arthropod-borne viral (arboviral) disease primarily of equines, birds, and 
man in the Americas (Hayes, 1981; Walton, 1981; Morris, 1988; Scott and Weaver, 
1989). According to Tsai (1994), EEE is the most fulminant of the arboviral 
encephalitides, rivaling rabies in the gravity of its outcome. Among horse farmers, the 
disease is generally known as “sleeping sickness” because of the nervous 
symptomatology it produces in infected equines and people (Hayes, 1981; Samui, 
personal observations). Other synonyms of the disease have included eastern viral 
encephalitis, encephalitis, encephalomyelitis, horse sleeping sickness, etc. (Hayes, 1981). 
The current referral name “eastern equine encephalomyelitis” was recommended and 
agreed upon at a 1968 meeting of the American Committee on Arthropod-Borne Viruses 
for use when discussing the disease. The shortened name “eastern encephalitis” was also 
recognized at that meeting since the disease is not restricted to equines only (Hayes, 
1981).
The epidemiology and ecology of EEE has been greatly elucidated since the first 
recorded epidemic in 1938. However, many unanswered questions still preclude a 
complete understanding of the natural history of the disease. This research project, 
beginning with Chapter 2, was designed to provide answers, with regard to southeast 
Louisiana, to the following questions:
1) The epidemic and bridging vectors in different geographic regions, habitats and 
foci;
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The whereabouts or maintenance mechanism of the virus during the sometimes 
very long inter-epidemic periods;
The question of the wintering mechanism in the various parts of the virus range; 
The local spatial and, perhaps, temporal distributions of the virus and disease in 
the different regions, habitats, and foci, and the physico-ecological conditions 
influencing these distributions.
CHAPTER 1 
REVIEW OF LITERATURE 
HISTORICAL BACKGROUND IN THE U.S.A.
Retrospective evidence indicates that the eastern equine encephalomyelitis virus 
(EEEV) was the cause of epidemics in Massachusetts in 1831, Long Island in 1845, New 
York in 1902, North Carolina in 1905, New Jersey in 1905, Florida in 1908 and 
Maryland, New Jersey, and Virginia in 1912 (Beadle, 1952; Hanson, 1973; Hayes, 1981; 
Scott and Weaver, 1989). Seventy-five horses reportedly died in the 1831 epidemic and 
the clinical description of their disease was consistent with the modern understanding of 
EEE (Scott and Weaver, 1989). Evidence also suggests that enzootic transmission of 
EEEV had been occurring in North America probably for centuries before 1831 (Hayes, 
1981; Scott and Weaver, 1989).
The first isolation of EEEV was from the brain of a horse during an epidemic in 
New Jersey in 1933 (Giltner and Shahan, 1933; TenBroeck and Merrill, 1933). The 
epidemic involved 1,000 horses and extended into the coastal regions of Virginia, 
Delaware, and Maryland (Scott and Weaver, 1989). During 1934 and 1935 there were 
more epidemics in Virginia and North Carolina, respectively (Giltner and Shahan, 1936). 
Studies of those early epidemics included the isolation of the virus from the brain tissue 
and blood of dead and febrile horses, respectively, detection of neutralizing antibody in 
horses, and successful experimental infection of horses. These findings confirmed the 
EEEV as the etiological agent for the epidemics (Hayes, 1981; Scott and Weaver, 1989).
3
4It was also observed that the epidemics tended to be cyclic with respect to time (Hayes, 
1981).
In Louisiana, the disease is known to have been occurring since 1937, although 
the first recorded epidemic occurred in 1945, when several equine cases were recorded 
in areas south of Baton Rouge and west of the Mississippi River. Fifty-nine cases were 
recorded in the same area and in St. Tammany and Washington Parishes in 1946 
(Oglesby, 1948). The largest epidemic in the United States occurred in southern 
Louisiana in 1947, with an estimated 14,334 cases and 11,727 deaths in equines. St. 
Tammany was one of the parishes reporting under 100 cases (Oglesby, 1948; Beadle, 
1952). Based on the 1945 census, some 91,642 horses and 83,616 mules were reportedly 
within the affected parishes. Another major epizootic involving some 1,700 equine cases 
with a 98% mortality rate occurred in 1949 (Hayes, 1981; Morris, 1988). Both these 
epidemics began in the southern coastal regions of the state and spread west and north 
into Texas and Arkansas, respectively. Since then, and depending on environmental 
conditions, cases have been occurring each year (CDC, 1983) with small epizootics on 
a 2-5 year basis (Table 1).
The first EEEV infections in humans and game birds were confirmed by virus 
isolation in Massachusetts in 1938 (Webster and Wright, 1938; Beadle, 1952; Hayes, 
1981; Scott and Weaver, 1989). There were 34 human cases, of which 25 (74%) died 
and 6 of the survivors had permanent brain damage. Twenty-four of those infected were 
under 10 years of age. These cases occurred in August and September and were preceded 
by an epidemic in horses in July. The first recorded human case in Louisiana occurred
in 1946 during a small epizootic in equines (Oglesby, 1948). Coincidental with the 1947 
equine epizootic, a small human outbreak occurred involving 17 hospital admissions with 
9 deaths (Oglesby, 1948; Morris et al., 1958).
Table 1: Equine Cases of Eastern Equine Encephalomyelitis in Louisiana and
Mississippi
Year Louisiana Mississippi
1980 0 0
1981 (some 200) ?
1982 epizootic* epizootic*
1983 6 2
1984 0? 0?
1985 0? 0?
1986 14*
1987 1 6
1988 2 3
1989 12 (>50)* 11 (>30)*
1990 2 1
1991 15 (17)* 11*
1992 ? ?
( )  =  as reported by authors other than CDC 
* = reported as an epizootic in the region 
? =  data not available or questionable.
6Since then, as illustrated in Table 2, sporadic cases have been reported there and 
in other southeastern states, including Mississippi. The data in Table 2 also confirm the 
belief in the rarity of the disease in humans (Schaefer et al., 1958; CDC, 1992).
Table 2: Human Cases of Eastern Equine Encephalomyelitis in Louisiana and
Mississippi
Year Louisiana Mississippi
1977 1 0
1978 0 0
1979 0 0
1980 0 0
1981 0 0
1982 0 0
1983 0 0
1984 0 0
1985 0 0
1986 0 0
1987 0 0
1988 0 0
1989 0 2
1990 0? 0?
1991 1 0
1992 ? ?
? = Data not available or questionable 
All data as reported by CDC and Louisiana State Epidemiologist.
7The occurrence of outbreaks in flocks of penned ring-necked pheasants was first 
documented by virus isolations from brains of naturally infected birds in Connecticut 
(Tyzzer et al., 1938; Beaudette and Hudson, 1945). More outbreaks in pheasants were 
reported in New Jersey during 1939, 1940, 1943, and 1944 and more sporadically in 
subsequent years (Hayes, 1981; Scott and Weaver, 1989). Since then, outbreaks in 
commercially reared pheasants have occurred in most Atlantic and Gulf Coast states from 
New Hampshire through Texas (Hayes, 1981). Other imported domestic birds including 
Peking ducks in New York, chukar partridges in Maryland, and more recently, emus and 
ostriches in Louisiana (Moulthrop and Gordy, 1960; Hayes, 1981; Morris, 1988; Tully 
et al., 1992) also have been shown to display symptoms and suffer mortality from EEEV 
infections.
Wild birds (pigeons and sparrows) were shown to be susceptible to infection by 
EEEV in the 1930s (Hayes, 1981; Morris, 1988; Scott and Weaver, 1989). However, 
the first isolation of EEEV from an apparently healthy wild bird (purple grackle) in the 
United States was in Louisiana in 1950 (Kissling et al., 1951). Studies by Kissling et al. 
from 1952-53 revealed a wide variety of wild birds with neutralizing antibodies against 
EEEV. The studies were conducted before, during, and after an outbreak in equines in 
the study area. A subsequent study by Stamm in 1956 indicated an inapparent outbreak 
in wild birds during the previous year, as evidenced by 54% seroconversion (13-22% is 
regarded normal) in birds tested in early March (Stamm, 1958). There was an outbreak 
in horses and humans in the vicinity of the study area in 1955. In a CDC report of 1983, 
there is mention of cases in horses, chickens, and other birds that year.
8Other vertebrates besides human beings, equines, and birds have been found 
naturally infected with EEEV, but none of them are considered to play any role in the 
epidemiology of the disease (Morris, 1988).
Transmission studies incriminated mosquitoes as EEEV potential vectors in 1934 
(Morris, 1988). Davis (1940) confirmed these studies and identified six species of Aedes, 
which were experimentally infected by feeding on viremic birds or mammals and 
successfully transmitted the virus to susceptible birds or mammals. He demonstrated that 
the period of viremia in experimentally infected birds was less than 4 days. Subsequent 
studies have identified many other mosquito species as EEEV potential vectors and their 
importance as such has been associated with their host preferences and behavioral 
patterns (Chamberlain et al., 1954; Chamberlain, 1956; 1958; Hayes, 1981; Morris, 
1988). Other arthropods besides mosquitoes have been found naturally infected with 
EEEV but laboratory and field studies have not found them to be potentially important 
vectors in disease outbreaks or in the natural transmission cycle (Hayes, 1981; Morris, 
1988). In fact, the first isolation of EEEV from an arthropod was from mites and lice in 
1947 (Morris, 1988), and the first from a mosquito (Coquillettidia perturbans) in 1949 
(Morris, 1988).
All the reports cited so far indicate that EEEV activity in equines and domestic 
birds may begin as early as April (usually May), peak in June-August and may continue 
to late October, while human epidemics occur usually in August and September, 2 weeks 
to 2 months after onset of the equine epizootics. Outbreak occurrences are influenced by 
weather conditions, especially unusually high rainfall for 2 consecutive years and a high
9concentration of mosquitos, susceptible birds, and equines (Beadle, 1952). Table 1, 
however, indicates a 2-5-year outbreak pattern in equines and Table 2, a 10- or more 
year pattern in humans. This supports Morris’ report (1988) of a 5-yearly case peak in 
horses and a 10-yearly peak in humans.
GEOGRAPHIC DISTRIBUTION
The geographic distribution of EEE extends from Canada, through the U.S.A. to 
the Caribbean islands (Hayes, 1981; Scott and Weaver, 1989). In Canada, the EEEV has 
been occasionally isolated in the provinces of Ontario, Alberta, and Quebec. In the 
U.S.A., enzootic transmission occurs regularly in fresh water swamp habitats in states 
along the Atlantic and Gulf Coasts, from New Hampshire through Florida to Texas. 
EEEV has been isolated in most other states east of the Mississippi River, although 
without enzootic cycles. Isolated foci occur in southern Michigan, Ohio, and upstate New 
York (Scott and Weaver, 1989; CDC, 1992). In Central and South America, EEE 
outbreaks have been reported in Mexico, Panama, Trinidad, the Dominican Republic, 
Guyana, Argentina, Brazil, Colombia, and Peru (Hayes, 1981; Scott and Weaver, 1989). 
ETIOLOGY 
Virus Structure
The EEEV is an alphavirus of the family Togaviridae. The 50 nm diameter virion 
consists of an inner icosahedron nucleocapsid core and an outer lipid bilayer in which 
membrane glycoproteins are inserted (Casals and Clarke, 1965; Fenner et al., 1974; Scott 
and Weaver, 1989). The 30 nm nucleocapsid core contains a strand of RNA genome with 
plus polarity (Murphy and Harrison, 1972; Murphy, 1980; Shope, 1985; Harrison,
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1986). The glycoprotein content of the membranous envelope (outer lipid bilayer) is virus 
specific, while the core protein does not vary with strains (Pedersen et al., 1974; 
Pedersen and Eddy, 1975). The nucleocapsid contains an antigenic determinant common 
to all alphaviruses, while the envelope contains virus-specific antigens and sub-group- (or 
complex-) specific antigens (Dalrymple, 1973). The molecular weight of the nucleic acids 
o f the equine encephalomyelitis viruses including EEEV is approximately 4xl06 
(Melnick, 1979).
Strain Variation
Prior to 1961, all EEEV strains were considered similar. After several 
comparison studies (1961 to 1964) of EEEV strains from different geographic locations 
using the hemagglutination inhibition (HI) test, Casals (1974) finally concluded that there 
were two groups of EEEV strains, which he designated North and South American 
subtypes. The North American subtype included all isolates from an area between 
Massachusetts and the Caribbean, while the South American subtype was limited to the 
South American continent. In 1981, Walder et al. (1981), using polyacrylamide gel 
electrophoresis (PAGE) examined 24 strains from many different parts of the virus range 
and concluded that there were 7 groups distinguishable by the mobility of the two 
envelope glycoproteins. These tests demonstrated structural differences in EEEV isolates 
of different epidemiological, biological, and geographical origins, which are apparently 
stable and could be regarded as genetic markers indicative of strain differences. 
Furthermore, according to Morris (1988), there is evidence of differences even among
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endemic and epidemic strains of EEEV, as well as differences in virulence between 
strains from different areas.
Antigenic Relationships
The EEEV is related to but antigenically distinct from a sympatric member of the 
western equine encephalomyelitis virus (WEEV) complex, Highlands J (HJ) virus. These 
two viruses are most closely related epidemiologically in that they share geographic 
distributions, are transmitted by the mosquito Culiseta melanura, and infect a wide 
variety of wild birds, especially passerines (Morris, 1988). The HJ virus is often more 
prevalent in mosquitoes than EEEV and is an ecological precursor of the latter, its 
presence preceding EEEV in mosquitoes and birds. Isolations of HJ during both routine 
surveillance and outbreaks of EEE are common although, unlike the latter, HJ only 
occasionally causes mild equine encephalitis (Morris, 1988).
While serologically unrelated, two other viruses in the Hart Park group (Hart 
Park and Flanders), are also intimately associated with Cs. melanura and passerine birds, 
although neither has been known to cause disease in man, horses, birds, or other animals 
(Whitney, 1964; M aine ta l., 1979; Morris, 1988).
Host Range
If experimental infection data are taken into consideration, the known host range 
of EEEV becomes very extensive (Morris, 1988). The virus and antibodies to it have 
been found in naturally infected ring-necked pheasants, pigeons, chukar partridges, 
peking ducks, turkeys, and numerous wild birds, particularly passerines, but also 
including owls, whooping cranes, and shore birds (Kissling, 1958; Dougherty and Price,
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1960; Hayes, 1981; Morris, 1988; Scott and Weaver, 1989). Quite recently, emus and 
ostriches were found to be susceptible (Tully et al., 1992). Virus and antibodies have 
been found, although less frequently, in naturally infected small mammals, most of which 
have been found to be highly susceptible (Trainer and Hanson, 1969; Hayes et al., 1964; 
Trainer, 1970; Main, 1979; Morris, 1988). Bovines, swine, hamsters, fish, turtles, and 
snakes have also been found to be susceptible to natural and experimental infection 
(Hayes et al., 1964; Purcell et al., 1972; Morris, 1988).
Among arthropods, EEEV has been isolated from naturally infected chicken mites 
and lice (Howitt et al., 1948), black flies (Anderson et al., 1961), etc. The virus has not 
only been isolated from numerous naturally infected mosquitoes, but these have proved 
to be the endemic (Cs, melanura) and are suspected as the epidemic vectors of EEEV 
(Kissling et at., 1958; Chamberlain et al., 1958; Hayes, 1981; Walton, 1981; Morris, 
1988; Scott and Weaver, 1989).
THE DISEASE IN ANIMALS AND BIRDS 
Equines (horses)
According to Morris (1988), four major patterns of infection in horses resulting 
from both subcutaneous inoculation and mosquito bite have been observed. The first 
pattern is characterized by a biphasic febrile reaction and the outcome could be either 
fatal or recovery with or without CNS sequelae, while the second pattern is characterized 
by a single temperature rise without CNS involvement, although circulating virus was 
demonstrated. The third pattern is the presence of small amounts of virus without febrile
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illness, and the fourth is the absence of both febrile response and demonstrable 
circulating virus, although there is development of specific antibodies.
Eighty to 90% of infected horses in North America suffer acute and lethal disease 
(Gibbs, 1976; Hayes, 1981; Shope, 1985; Scott and Weaver, 1989), i.e., the first type 
of EEE discussed above. When this happens, the clinical signs are typically in the order 
of depression, progressive incoordination, rocking motion, the tendency to circle in one 
direction, convulsions, and prostration (Kissling et al., 1954, Hayes, 1981; Morris, 1988; 
Scott and Weaver, 1989). Two types of clinical disease have been observed, namely, the 
ataxic and paralytic forms (Harrison, 1975; Morris, 1988). In the first form, 
incoordination in the anterior quarters resulted in loss of equilibrium and the animal, 
often with the hind legs crossed, remained upright by leaning on a vertical wall with the 
nose directed towards a corner. There are visual problems that may result in at least 
partial blindness. Fever reached 103-106°F. The second form involved an almost total 
depressive state, slightly tumefied eyelids with eyes half-closed, somnolence or sleep with 
an accelerated heart beat, locked jaws, and death in 1-3 days, presumably due to 
impairment of respiratory and circulatory functions (Harrison, 1975; Hayes, 1981; 
Shope, 1985; Morris, 1988; Scott and Weaver, 1989). Other symptoms of note which 
may occur in either form are grinding of teeth, hyperexcitability, and recumbency 
(Morris, 1988).
Pathological lesions vary depending on the duration of survival. The encephalitis 
is acute and necrotizing and involves, primarily, the grey matter of the brain (Morris, 
1988; Scott and Weaver, 1989).
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Other Domestic Animals
According to Scott and Weaver (1989), infections in mammals other than horses 
and man can occur, but do not appear to cause disease. As an example, they cite the 
serosurveys of swine in Wisconsin, New Jersey, and Georgia, that demonstrated natural 
infection even though clinical encephalitis or demonstrable viremia in naturally or 
experimentally infected pigs had never been reported. However, Morris’s statement 
(1988) that suckling pigs and calves have been known to be susceptible to EEEV and 
suffer clinical disease was confirmed at the 1994 Joint Louisiana/ Texas Mosquito 
Control Associations Annual Conference, by a report of viscerotropic EEE that caused 
50% mortality in swine up to 6 months of age (England, unpublished data). The same 
report contained unconfirmed data about viscerotropic EEE with CNS involvement in 
puppies up to 3 weeks of age.
Domestic Birds
EEEV infection in chickens is viscerotropic (Coleman and Kissling, 1972) and is 
characterized by diarrhea which is bloody at times (Morris, 1988). The primary sites of 
infection are the liver, spleen, and kidneys (Kissling et al., 1954; Morris, 1988). 
However, according to Tully et al. (1992), chickens show clinical symptoms only up to 
3 weeks of age This observation was confirmed in 1994 when 5 of the surveillance 
chickens seroconverted without ever having exhibited any clinical signs. Captive 
whooping cranes (Dein et al., 1986; Morris, 1988), emus, and ostriches (Tully et al., 
1992) are also susceptible and show similar symptoms, including depression, 
disinclination to rise from sternal recumbency, profuse bloody diarrhea, and vomiting
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bloody ingesta as death approaches. An outbreak in emus in 1991 was characterized by 
high morbidity and mortality (Tully et al., 1992). In other commercial poultry species, 
e .g ., pheasants, quail, chukar partridges, and turkeys, CNS involvement, consisting 
primarily of leg paralysis, tremors, and somnolence, followed by prostration and death, 
has been recorded (Coleman, 1984; Morris, 1988; Scott and Weaver, 1989).
Wildlife
Natural and laboratory-induced EEEV infection in wild birds have been recorded. 
Infection in introduced species such as the English sparrow (Stamm and Kissling, 1956; 
Morris, 1988), ring-necked pheasants, and domestic pigeons (Morris, 1988) has been 
observed and die-offs of native birds, especially small species, have been noted during 
epizootics, although EEEV has not been confirmed as the cause (Emord and Morris, 
1984; McLean et al., 1985). In a 1984 outbreak, death was noted in 7 of 39 captive 
whooping cranes but no illness was observed in cohabiting sandhill cranes (Morris, 
1988). Passerines have been known to die from experimental infection, but most shore 
birds do not (Kissling et al., 1955).
Small mammals such as voles, woodchucks, and cottontail rabbits are highly 
susceptible and have been known to die from experimental infection (Morris, 1988). 
Reptiles and amphibians are not only susceptible, but have been found capable of 
maintaining high viremias over several months including during hibernation (Karstad, 
1961; Hayes et al., 1964). Deaths in experimentally infected snakes have been observed 
(Karstad, 1961), although captivity stress could have played a role. No deaths were
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observed in turtles and lizards, although they were susceptible to infection (Morris, 
1988).
THE DISEASE IN MAN
The course of EEEV infection in man is dependent upon age and presence or 
absence of underlying neural and immunocompromising disease (Morris, 1988). The 
incubation period is 4-10 days (Tsai, 1994). Two types of illness, systemic and 
encephalitic, have been described. The systemic form is characterized by abrupt onset 
with malaise, arthralgia, and myalgia, progressing within a few hours into chills and 
severe muscular shaking that lasts for a few days. Maximum temperatures reach 
100-104°F and the patient completely recovers after 1-2 weeks. There is no CNS 
involvement (Clark, 1961; Morris, 1988). The encephalitic type also starts abruptly in 
infants, whereas in older children and adults active encephalitis develops after a few days 
of indisposition (Ayres and Feemster, 1949; Morris, 1988). Symptoms include fever 
(102-106.4°F), irritability, restlessness, drowsiness, anorexia, vomiting, diarrhea, severe 
headache, cyanosis, tremors, and muscular twitching, accompanied by a stiff neck, 
convulsions, stupor, and coma (Hauser, 1948; Ayres and Feemster, 1949; Clark, 1961; 
Hayes, 1981; Morris, 1988; Scott and Weaver, 1989; Tsai, 1994). Cerebrospinal fluid 
usually has increased pressure, with 200 to 2,000 cells and 60-90% neutrophils, and 
death, usually due to encephalitis, generally occurs in 2 to 10 days (Hauser, 1948; 
Morris, 1988). Histopathologically, three principal types of lesions in the CNS have been 
described (Jordan et al., 1965; Hayes, 1981; Morris, 1988; Scott and Weaver, 1989; 
Tsai, 1991; 1994): 1) perivascular cuffing with large numbers of mononuclear cells
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around the intracerebral blood vessels; 2) neuronophagia (necrotic neurons surrounded 
by macrophages) and 3) foci of 20-100 microglial cells scattered throughout the 
parenchyma of the brain and spinal cord.
Nearly all EEEV infections result in encephalitis with case fatality rates ranging 
from 30-90% (Hayes, 1981; Morris, 1988; Scott and Weaver, 1989; Tsai, 1991). 
According to Tsai (1991), a better outcome, probably associated with formation of an 
effective immune response, is possible in patients with a longer and usually milder course 
of infection. With improved intensive care technology and recognition of milder cases 
developed in recent years, the case fatality rate now stands at 30% (Tsai, 1991). 
Inapparent infection, although rare, does occur in less than 1% of cases (Hayes, 1981; 
Tsai, 1991; 1994), however, rates of up to 7.3% have been observed (Hayes, 1981). 
Case fatality rates are highest in the elderly (67-78%), intermediate in children (20-62%) 
and lowest in young adults (37%) (Tsai, 1991). Infants and children under 10 years who 
survive the infection are likely to be permanently impaired with spastic paresis or 
paralysis, seizures, or global developmental delays (Hayes, 1981; Morris, 1988; Scott 
and Weaver, 1989; Tsai, 1991; 1994). Complete recovery in one study was 3% (Ayres 
and Feemster, 1949).
EPIDEMIOLOGY
The epidemic occurrence of EEE depends upon the interaction of several factors 
that determine the rate of virus transmission. These include virus amplification, reservoir 
host population dynamics, host susceptibility and population dynamics, climatic 
conditions, and vector population composition and abundance (Hayes, 1981).
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Vectors
Studies in Louisiana and elsewhere have confirmed Cs. melanura as the principal 
endemic vector for EEE (Chamberlain et al., 1951). In fact, the first isolation of EEEV 
from naturally infected Cs. melanura was performed in Louisiana in 1950 (Chamberlain 
et al., 1951). Since then, numerous isolations of the virus from mosquitoes have been 
performed in Louisiana and other parts of the U.S.A., with the majority being from Cs. 
melanura even during non-epizootic periods (Scott and Weaver, 1989). The pioneering 
work of Chamberlain et al. (1954; 1956; 1958) established that a principal factor 
associated with the transmission of EEEV to susceptible horses and humans is the 
relationship between the mosquito species and vertebrate hosts involved. Culiseta 
melanura is mainly omithophilic and rarely feeds on horses and people (Hayes, 1961; 
Edman et al., 1972; LeDuc et al., 1972; Hayes, 1981; Tsai, 1991; 1994). Mosquitoes 
less readily infected with EEEV but which frequently feed on horses and people as well 
as on birds, therefore, serve as vectors during epidemics (Crans, 1977; Hayes, 1981; 
Crans et al., 1986; Moore et al., 1993; Tsai, 1994). The EEEV has been isolated from 
a variety of such mosquitoes either in nature during epizootics or in the laboratory after 
their successful artificial infection. Such species as Cq. perturbans, Aedes sollicitans, Ae. 
vexans, Ae. infirmatus, Culex quinquefasciatus, and Cx. salinarius, etc., which are 
abundant in Louisiana and from which EEEV has been isolated either in Louisiana or 
elsewhere in the region (Howitt et al., 1949; Kissling et al., 1955; Wellings et al., 1972; 
Darsie and Ward 1981; Crans et al., 1986; Moore et al., 1993; Tsai, 1994) are suspected 
epidemic vectors of EEE in Louisiana.
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Reservoirs
On the basis of epidemiological findings, Tenbroeck et al., (1935) suggested that 
birds be considered as possible reservoir hosts of EEEV. Their studies indicated that 
pigeons were susceptible to intracerebral inoculations. The first isolation of the virus 
from an inapparently infected wild bird (purple grackle) was made in Louisiana in 1950 
(Kissling et al., 1951). By 1966, some 52 bird species were known to be naturally 
susceptible to EEEV (Stamm, 1966; Hayes, 1981). Based on the numerous field and 
laboratory studies and observations, there is little doubt that birds are at least the natural 
amplification and epidemic reservoirs of EEEV. Its occurrence with significant frequency 
in swamp-breeding birds and mosquitoes has been established (Kissling et al., 1955; 
Schaefer et al., 1958; Hayes, 1981; Nasci and Edman, 1981). According to Schaefer et 
al. (1958), nearly all wild birds are highly susceptible to EEEV and therefore well suited 
to serving as natural hosts. However, small birds are reportedly more efficient mosquito 
infectors than larger ones because of the extremely high viremias the former develop 
(Schaefer et al., 1958; Nasci and Edman, 1981). Since the majority of small birds from 
which EEEV has been isolated are passerines and columbiforms (Kissling et al., 1955; 
Morris, 1988; Tully et al., 1992), it is now believed that these groups of birds are its 
natural reservoirs. During their studies in Louisiana, Kissling et al. (1954; 1955) isolated 
the virus from winter, summer, and permanent bird residents of Louisiana swamps. They 
also noted, in the same studies, that some mosquito species such as Cs. inomata and to 
a lesser extent, Cs. melanura, Ae. vexans, Cx. salinarius, etc., remain active during the 
winter months. These mosquito species, together with the winter and permanent swamp
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bird residents, could be responsible for EEEV maintenance during these months. These 
and other subsequent studies have demonstrated annual inapparent infection of a wide 
variety of wild bird species that inhabit Louisiana swamps (Kissling et al., 1954; Stamm, 
1966; Maness and Calisher, 1981) and marked increases (up to 11%) in the number of 
virus isolations per day’s catch, from these birds during periods of epizootics in equines 
(Schaefer et al., 1958; Stamm, 1958). On the basis of these studies, annual serosurveys 
in the wild bird populations have been conducted by state mosquito abatement districts 
since 1971 to detect possible increases in arboviral activity (Maness and Calisher, 1981). 
Transmission Cycle(s) And Overwintering
As already mentioned in previous sections, 80% of EEEV isolates have been from 
Cs. melanura and the majority of EEEV isolations from wild birds during epidemic and 
non-epidemic periods have been from passerines. Furthermore, blood meal analysis of 
engorged Cs. melanura has shown that this omithophilic mosquito feeds almost 
exclusively on passerines (90%) and only occasionally on other birds, reptiles, or 
mammals, including man (Crans, 1962; Edman et al., 1972; Tempelis, 1975; Morris et 
al., 1980; Nasci and Edman, 1981; Scott and Weaver, 1989). Based on these and other 
Findings (Kissling et al., 1955; Schaefer et al., 1958), it is now generally accepted that 
in North America, EEEV is transmitted endemically among passerine birds, primarily, 
if not solely, by Cs. melanura in fresh water swamp habitats where both primarily breed. 
It is also believed that during conditions that favor upsurges in mosquito populations and 
increases in susceptible bird populations, especially the immature and migrant birds, the 
epidemic cycle may begin in the swamp and then move outward through viremic birds,
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from which other mosquito species in the uplands may transmit the infection to both 
horses and humans. Thus, wild birds, primarily passerines, serve as primary amplifying 
hosts both in the swamps and uplands. Nestlings or just-out-of-the-nest young birds are 
considered the most important amplification hosts compared to the adults, as they are 
more susceptible to the EEEV infection, have higher and more durable viremias, and 
exhibit less defensive behavior toward host-seeking mosquitoes (Dalrymple et al., 1972; 
Edman and Scott, 1987; Scott and Weaver, 1989).
When conditions favor very high populations in the summer and fall, Cs. 
melanura also flies out of the swamp at night to seek avian hosts and flies back before 
daybreak (Morris et al., 1980; Howard et al., 1983; Nasci and Edman, 1984). Hence, 
the EEEV could be spread outward from the swamp habitats by Cs. melanura as well as 
by viremic birds (Morris, 1988). The mosquito species responsible for transferring the 
virus from the endemic to the epidemic cycle have not yet been definitely identified, 
although, depending on geographic location, many investigators suspect Cq. perturbans, 
a few Culex, and several Aedes species as the culprits. For example Ae. sollicitans and 
Cq. perturbans are suspected as the epidemic vectors in New Jersey (Crans, 1977; Crans 
and Schulze, 1986; Scott and Weaver, 1989), Cq. perturbans in Michigan (Grimstad, 
1983), Ae. sollicitans and Ae. vexans generally in the southeastern U.S.A. (Hayes, 1981), 
etc. Other generally suspected mosquito species include Ae. canadensis, Ae. atlanticus- 
tormentor complex, Ae. infirmatus, Ae. taeniorhynchus, Cx. nigripalpus, Cx. salinarius, 
Ae. albopictus, etc. (Crans et al., 1976; Hayes, 1981; Nayar, 1982; Moore et al., 1993) 
There is a consensus that there is no single epidemic vector species for all foci or for all
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hosts within a focus (Morris, 1988) and that, depending on geographic location, time of 
the year, environmental conditions, or the dynamics of respective mosquito populations, 
various species can serve as epidemic vectors (Scott and Weaver, 1989).
Humans and horses are generally considered dead-end hosts of EEEV, although 
viremias in horses that are high enough to infect mosquitoes have been demonstrated 
(Chamberlain et al., 1954; Sudia et al., 1956; Hayes, 1981, Morris, 1988; Scott and 
Weaver, 1989). Thus, horses may occasionally participate in the epidemic maintenance 
of EEEV (Morris, 1988; Scott and Weaver, 1989).
The studies by Schaefer et al. (1958) and Stamm (1958) in Louisiana 
demonstrated that the classic endemic and epidemic transmission cycles outlined above 
are also valid for Louisiana. However, these and previous studies (Kissling et al., 1955, 
1957) failed to demonstrate the overwintering mechanism of EEEV. A theory of possible 
re-introduction by birds migrating from South America (Kissling et al., 1955) could not 
be supported by studies designed to prove it (Kissling et al., 1957; Schaefer et al., 1958). 
On closer examination, results of the studies cited above as well as the historical data on 
EEE peaks in equines and humans (Tables 1 & 2) seem to support Morris’s theories 
(1988) on the possibility of an avirulent Cs. melanura-EEEV phase and its subsequent 
genetic transition in immunogenically suppressed passerine birds, into the known virulent 
phase. However, as this supposedly occurs in June, July, and August, it is difficult to 
explain the cases that have occurred in April, May, or early June. The studies by 
Kissling et al. (1954; 1955) indicate that in Louisiana, especially the southeastern 
portion, there is some Cs. melanura activity even during the cold months. Apart from
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that, Cs. inormta, which is also a swamp breeder and is capable of transmitting EEEV, 
is fully active during these months. With the presence of winter and permanent passerine 
residents and other susceptible animals, it is possible that, at least in this part of the state, 
endemic transmission occurs throughout the year. Thus, an overwintering mechanism is, 
therefore, unnecessary.
ECOLOGY OF EEEV AND BIONOMICS OF CS. MELANURA
The primary habitats of EEEV are the fresh water swamps in the eastern half of 
North America. According to Morris (1988), the microenvironments in these foci are 
quite similar as well as specific and the sizes of the foci quite small. These environs have 
been described as muck-peat soil associations dominated by hardwood trees (Muul et al., 
1975; McLean et al., 1985; Morris, 1980; 1988; Tsai, 1991). In the northern part of the 
range, the indicator trees are red maple and hornbeam (Morris, 1988); in New Jersey, 
Maryland and Florida red maple, cedar, and loblolly bay (Morris, 1980; 1988; Pearson 
and Morris, 1982); in Louisiana, Kissling et al. (1955) reported one study area as being 
dominated by bald cypress and gum trees. The trees provide the type of root system 
favorable for Cs. melanura oviposition and larval development (Morris, 1988).
The bionomics of Cs. melanura larvae require dark, highly organic water and, 
although occurring throughout the swamp, this condition is usually concentrated at the 
edge (Morris, 1988). Overwintering larvae pupate in early spring, with the first adults 
emerging in late May in the north and earlier in the south (Morris, 1988). A second adult 
emergence occurs in the summer, with the timing depending on environmental conditions 
(Morris, 1988; Samui, 1994 personal observation). Heavy rainfall followed by a 1-2
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week period with high humidity and temperatures seem to favor an upsurge in adult 
emergence (Moore et al., 1993; Samui, 1994 personal observation).
It has been suggested that the two broods differ both physiologically and 
genetically and, since EEEV is more frequently found in the summer brood, there may 
be some significant trait that influences vector potential in the latter (Morris, 1988). As 
already mentioned in previous sections, all Cs. melanura subpopulations examined so far 
are almost exclusively omithophilic and over 90% typically feed on passerines. Only 
occasionally are reptiles and amphibians and, very rarely, man fed upon.
DIAGNOSIS
The diagnosis of EEEV infection is based upon virus isolation or detection of 
antibodies or both, and is supported by clinical and epidemiological evidence, i.e., 
clinical history, geographic location of exposure, season of the year etc. (Scott and 
Weaver, 1989; Calisher and Beaty 1992) The traditional serological tests for detecting 
immunoglobulin G (IgG) antibodies in horses are the hemagglutination inhibition (HI), 
complement fixation (CF), serum neutralization (SN), and sometimes immunofluorescent 
antibody (IFA) (Scott and Weaver, 1989). The HI and SN are still in use and 
complementing each other at the Louisiana Veterinary Medical Diagnostic Laboratories 
(LAVMDL). The four tests were and are still in use for diagnosing EEEV infection in 
humans (Scott and Weaver, 1989; Tsai, 1991; 1993), with a fourfold or greater increase 
or decrease in the antibody titers as the basis for serodiagnostic confirmation (Tsai,
1991). However, their use is in addition to the more sensitive and specific 
immunoglobulin M (IgM) antibody capture ELISA (MAC-ELISA), antigen capture
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ELISA, etc. now available (Scott and Weaver, 1989; Tsai, 1991; 1994). The polymerase 
chain reaction (PCR) currently under development promises to be the most sensitive and 
specific tool for arbovirus diagnosis (Calisher and Beaty, 1992).
Because EEEV seroprevalence in humans is well below 1% even in endemic 
areas, the presence of antibodies to EEEV demonstrated by HI, CF, SN, or ELISA in 
acute specimens is highly suggestive of the diagnosis and of recent infection (Tsai, 1991, 
1994).
The isolation of EEEV from the brain or cerebrospinal fluid (CSF) of human or 
equine origin confirms all other diagnoses (Scott and Weaver, 1989; Tsai, 1991; 1994). 
The EEEV proliferates rapidly in Vero cells or BHK-21 cells, and extensive areas of 
cytopathic effect (CPE) can be seen in 1-3 days. The virus can also be isolated by the 
intracranial inoculation of suckling mice (Tsai, 1991).
SURVEILLANCE
Because of the gaps in the ecology and epidemiology of EEE alluded to above, 
there is heavy reliance upon observation of the cycle of EEEV activity in animal hosts 
and on monitoring its buildup in wild bird populations, so that increased virus activity 
can be detected early and an appropriate control mechanism be put in place. Monitoring 
for endemic or epidemic EEEV activity in an area can be accomplished by one or more 
of several methods, depending on available resources and objectives of the monitoring 
system (Monath, 1984; Morris, 1988; McLean, 1991):
1) Most EEE-endemic states have a statewide diagnostic service for veterinarians
and physicians to submit blood and organ samples from suspected EEE cases.
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Reporting is required in some states and voluntary in others (Morris, 1988). In 
Louisiana, the LAVMDL in Baton Rouge and the Louisiana Department of 
Human Health (LDHH) Central Laboratory in New Orleans are on the lookout 
for increases in the positivity of samples submitted by clinicians from individual 
areas, parishes etc. Abnormal case increases will elicit closer investigation. 
Human hospital case reports are promptly investigated, regardless of numbers. 
There is a state medical-veterinary EEE liaison committee. According to Morris 
(1988), these systems are generally inappropriate as an early warning system 
because the turnaround time is too long.
2) Where veterinarians and epidemiologists are familiar with the parochial signs and 
symptoms of horse EEE, field diagnosis becomes an accurate and more rapid 
system on which to base increased mosquito control (Monath, 1984; Morris, 
1988). The use of horse cases as a monitoring system is, however, biased by the 
level of vaccination, i.e., the higher this level, the less reliable the system.
3) Most endemic states use sentinel chickens for monitoring EEEV activity, while 
wild birds (especially passerines) and mosquitoes are monitored for endemic as 
well as epidemic EEEV activity in some states (Morris, 1988; McLean, 1991). 
While substantial evidence may indicate that sentinel chickens are a less 
appropriate early warning system (Kissling et al., 1958; Bigler et al., 1974; 
Morris, 1988; McLean, 1991), virus isolation, especially from mosquitoes other 
than Cs. melanura, and detection of antibodies in immature wild birds should
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elicit appropriate warnings and recommendations for increased mosquito control 
activities (Morris, 1988; McLean, 1991).
4) In Louisiana, since the 1971 Venezuelan equine encephalitis (VEE) epidemic, 
mosquito abatement activities are based on the monitoring of mosquito population 
dynamics and, depending on the pestiferous and vector importance of some 
species, any increases in their populations above certain levels will generally elicit 
intensification of control activities, as well as serological investigations of the 
local wild bird populations (Palmisano, personal communications). There are no 
attempts at virus isolations on a routine basis.
The key to a better monitoring/ surveillance system lies in rapid and specific 
field- applicable techniques for detecting EEEV in birds and invertebrates (Morris, 1988; 
McLean, 1991). Although the antibody (IgG) and antigen capture ELISA tests are 
currently useful to some extent, the challenge still remains to develop better methods for 
predicting increased risk of EEE epidemics. For this, much ecologic information about 
EEEV is required.
CONTROL AND PREVENTION 
Control and Prevention of Human Infection
There is still no specific treatment for either humans or animals. Intensive 
supportive care and the control of cerebral edema may be life-saving (Tsai, 1994). 
According to Tsai (1991), the outcome of EEE in humans has greatly improved in recent 
years, possibly because of improved intensive care techniques and recognition of milder 
cases. Thus, the case fatality rate now stands at 30%. Although the risk of acquiring
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EEE is low even in endemic areas (Tsai, 1991), personal protective measures such as 
mosquito repellents and appropriate clothing to minimize mosquito bites are 
recommended when visiting swamps in endemic areas, if such visits cannot be avoided 
during epidemics. The residents of such areas are advised to use door and window 
screens or bed nets.
No licensed human vaccines are currently available for public use. However, 
some inactivated or killed vaccines are available for individuals with occupational 
exposure, such as laboratory technicians and veterinary, medical, and entomology 
research personnel (Hayes, 1981; Morris, 1988).
Control and Prevention in Horses and Commercial Birds
Mono-, bi-, and trivalent inactivated vaccines (EEE, WEE, VEE) have been 
commercially available for many decades and are safe and effective for horses when used 
in a conscientiously applied prophylactic schedule (Byrne, 1973; Walton, 1981; Hayes, 
1981; Morris, 1988). However, many horse owners conveniently forget to have their 
animals vaccinated during non-epidemic periods and only do so when there is risk of an 
outbreak.
There are currently no specific vaccines for birds. However, commercial birds 
such pheasants, emus, etc., in endemic areas are now routinely vaccinated with the 
inactivated equine vaccines (Walton, 1981; Hayes, 1981; Morris, 1988; Tully et al.,
1992).
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Besides vector transmission, horizontal spread of EEEV by feather pecking has 
been documented in flocks of infected pheasants and debeaking, especially of young 
birds, has reduced the disease spread (Hayes, 1981; lanconescu, 1991).
Vector Control
The control and prevention of EEE has historically been addressed by the use of 
mosquito control programs as the only means of minimizing the risk of human infection 
(Hayes, 1981; Morris, 1988). Many of the areas in which epidemics have occurred in 
the U.S. now have well organized effective mosquito control districts and Hayes (1981) 
cites New Jersey, Massachusetts, and Florida as outstanding examples. Louisiana is 
probably not far below this level. The efficacy of mosquito control programs can be 
judged from the absence of large epidemics since the advent of modern mosquito control 
in the 1940s (Morris, 1988).
Mosquito control decisions in many states are linked to the abundance of certain 
species, with or without concurrent virus isolation (Morris, 1988). Because mosquitoes 
are not only looked upon as vectors of disease but also as pests causing discomfort to 
man and his animals, control programs in some states such as Louisiana are aimed at 
ensuring effective and continuous control almost throughout the year. Two principal 
approaches of control include: 1) control of the endemic vector (Cs. melanura), and 2) 
control of species associated with epidemics (e.g. Ae. vexans, Ae. sollicitans, etc.). Other 
miscellaneous pestiferous, permanent, and flood water species are also considered in EEE 
control (Hayes, 1981). Integrated mosquito control includes chemical, physical, and 
biological control methods.
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Chemical control is by far the most widely used method and probably the only 
practical measure that can be taken to suppress massive mosquito population increases 
as well as epidemics of mosquito-transmitted diseases (Meisch, 1993). It involves the 
application of chemical insecticides in the form of Iarvicides (to kill or disrupt 
development of immature stages) and adulticides (to kill adults). Epidemic control 
measures for interrupting EEEV transmissions, usually directed at adult mosquitoes, are 
based on ultra low volume (ULV) aerial spraying of adulticides and are the method of 
choice for wide area control (Hayes, 1981; Monath, 1984).
Physical mosquito control or source reduction refers to any method of physically 
altering a mosquito breeding site to render it unsatisfactory for the completion of the 
mosquito life cycle. This has included drainage by ditching, flooding of breeding areas 
by impoundment and maintenance of minimum water level by means of flood gates, 
filling low land areas, shallow swales, etc. to eliminate their mosquito breeding potential, 
and elimination of water holding artificial containers, such as tires, tins, flower pots, etc. 
(Hayes, 1993)
Biological control is the introduction to mosquito breeding sites of natural enemies 
or predators. A major advantage, when the control works, is that a single treatment can 
last a long time (Marten and Bordes, 1993). The topwater minnow, Gambusia affinis (the 
mosquito fish) and the bacterium Bacillus thuringensis israelensis (B.t.i.) are currently 
the most widely used for larval stage mosquito control. The effectiveness of biological 
control may vary from site to site and with seasonal and other fluctuations in 
environmental conditions, hence surveillance to identify sites that require extra
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larviciding is important.
Finally, health education is also required to instruct the public to avoid or 
minimize exposure to mosquito bites, to eliminate or report potential mosquito larval 
habitats, and to understand the ULV fogging or misting control procedures being used 
against adult mosquitoes (Hayes, 1981). The Mosquito Control Training Manual provides 
good reading and instruction on mosquito control.
CONCLUDING REMARKS
The foregoing indicates that the epidemiology and ecology of EEE in North 
America has been greatly elucidated since the first recognized epidemic in 1938. 
However, many important questions still remain unanswered, thus precluding a complete 
understanding of the natural history of the disease. Among these are:
1) The epidemic and bridging vectors in different geographic regions and foci;
2) The whereabouts or maintenance mechanism of the virus during the sometimes 
very long inter-epidemic periods;
3) The question of the wintering mechanism in the various parts of the virus range;
4) The local spatial and, perhaps, temporal distributions of the virus and disease in 
the different regions, habitats, and foci, and the physico-ecological conditions 
influencing these distributions.
There is consensus among investigators engaged in arbovirus research that 
answers to these questions cannot be the same in different parts of the virus range and 
perhaps that is why the questions still remain unanswered. Finding some answers to these 
all important questions was the main objective of designing this research project, “The
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Habitat, Ecology and Epidemiology of Eastern Equine Encephalomyelitis in Southeast 
Louisiana.” The project was conducted in several parts and the work, results, and the 
conclusions drawn from them are described in detail in the succeeding chapters.
CHAPTER 2
THE HORSE FEEDING MOSQUITOES OF SOUTHEAST LOUISIANA 
INTRODUCTION
Mosquitoes were first incriminated as potential vectors of the eastern equine 
encephalomyelitis virus (EEEV) in 1934 (Davis 1940). The first EEEV isolation from 
a mosquito {Cq. perturbans Walker) occurred in 1949 (Howitt et al., 1949). The virus 
was first isolated from Culiseta melanura Coquillett in Louisiana in 1950 (Chamberlain 
et al., 1951). Since then, numerous isolations have been performed, with over 80% from 
Cs. melanura, even during non-epizootic periods (Scott and Weaver 1989). Other 
isolations during epizootics or experimental infection of mosquito species common to the 
upper Gulf States have been from Cx. nigripalpus Theobald, Cq. perturbans, Ae. 
sollicitans Walker, Anopheles quadrimaculatus Say, Cx. salinarius Coquillett, Cx. 
restuans Theobald, Ae. canadensis Theobald, Ae. atlanticus-tormentor Dyar and Knab, 
Ae. infirmatus Dyar and Knab, An. crucians Weidemann, Cx. {Melanoconion) spp., Ae. 
vexans Meigen, Cx. territans Walker, Uranotaenia sapphrinna Osten Sacken, Cx. 
quinquefasciatus Say, Ae. triseriatus Say, Ae. mitchellae Dyar and Ae. punctipennis Say 
(Howitt et al., 1949; Kissling et al., 1955; Darsie et al., 1981; Crans et al., 1986, 
Morris et al., 1988). Most of these species are abundant in Louisiana and are suspected 
epidemic vectors of EEEV. Recently, several isolations of EEEV have been made from 
Ae. albopictus Skuse (CDC 1992), a newcomer to the U.S. thought to have originated 
from Asia (CDC 1986).
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The majority of studies on the feeding habits of most of the suspected EEEV 
epidemic vectors have been based on blood meal typing and the mosquito species are 
recorded as primarily avian- or mammalian-feeders (Edman 1971; 1974; Edman et al., 
1974; Irby and Apperson 1988). Among the mammalian-feeders, only Cs. inornata 
Williston (Anderson and Gallaway 1987) is specifically recorded as primarily a cattle- 
and horse-feeder. The rest were assumed or suspected horse-feeders based on their 
preference for mammalian blood and suspected involvement in epizootics in horses.
This chapter reports results of a mosquito study conducted in St. Tammany Parish 
from June to August, 1993, and April to September, 1994, to determine mosquito species 
that are attracted to and feed on horses, as well as factors influencing their feeding habits 
and abundance. As the parish is historically endemic for EEEV (Howitt et al., 1948), 
these species could be possible bridging and epidemic vectors in this part of the EEEV 
range. This study utilized horse-baited stable traps and was conducted for the first time 
in the southeast and is one of the very few in North America. A similar study was 
conducted in Texas in 1973 (Kuntz et al., 1982).
According to Service (1976) stable traps were introduced in the study of mosquito 
biology in the 1920s. The first detailed description of a more portable trap, now called 
the Mogoon trap, was published in 1935. In 1944 in Egypt, after finding that a large 
proportion of mosquitoes escaped through the Mogoon baffles during the early morning, 
Bates (1944) constructed the Egyptian trap now generally known as the Bates trap. The 
Bates-type baffle consists of two 10.2 cm wide wooden planks placed to form a 
horizontal V-shaped trough with a 15.2-20.3 cm opening to the outside and converging
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to leave a 2.3-2.5 cm opening within the trap. This trap was deemed better than the 
Mogoon in that it caught more mosquitoes with very few escaping (Bates 1944; 
DeZulueta 1950).
MATERIALS AND METHODS 
The Trap
The stable trap used in this study was modified from the Bates trap with the 
baffles having an internal opening 2.3 cm wide. It differed from that trap in the size of 
the wooden frame, i.e., 3.1 m long, 1.5 m wide and 2.4 m high for full-size horses; 
mosquito wire screen covering the longer sides, the roof, three quarters of the rear door 
and one quarter of the front door for maximum escape of odors; no floor for complete 
portability; and tether ring bolts for immobilization of the bait horse. A more detailed 
description of the trap is provided in Appendix 1.
Trap Sites
Trapping sites were selected in the Folsom, Mandeville, and Slidell areas within 
St Tammany Parish, based on the EEE history of a locality and continuous availability 
of bait horses.
The Folsom site was located on an approximately 243 ha ranch with open grass 
and woodland pastures, ponds and creeks, and a relatively small swamp to the east. It 
is reportedly the highest part of the Parish and has moderately to well drained loamy 
soils. Apart from cattle, there were 9 horses in 1993 and 27 in 1994, 40 miniature 
donkeys, some housed pigs and goats, and a few geese and cats. In 1994, a dog kennel 
was built approximately 30 m from the trap location. The trap was located approximately
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20 m from a pond and approximately 5 m from the horse grazing paddock. The donkeys 
roamed freely all over the ranch and around the trap. A metal frame (courtesy of the 
farm owners) was erected around the trap to protect it from the donkeys. In 1993, water 
holding containers and a diverse variety of debris were abundant around the stalls, barns, 
and holding pens approximately 91 m away. The premises were partially cleaned up in 
1994.
The Mandeville site was located at the horse unit (for therapeutic purposes) of the 
Southeastern Louisiana Hospital. This is mainly coastal pine forest with light to 
moderately dense underbrush and level to gently sloping, poorly drained loamy soils, 
some 5 km from Lake Pontchartrain. The horse unit had 3 large horses, 2 miniature 
horses, 2 miniature donkeys, 2 goats, and a few rabbits and guinea pigs. The last were 
absent in 1994. The trap was located approximately 5 m from the horse stalls on the 
forest side and along a power line. The surrounding woods held scattered semi-permanent 
to permanent water pools and water-containing potholes. There were a few tires and 
other small containers lying around near the horse stalls.
The Slidell site was located along the suburban-Pearl River interface, low lying, 
poor- to moderately well-drained land with thick brush and grasses. Thirty goats grazed 
nearby, and there was a dog kennel some 15 m from the trap location. There are some 
permanent water pools in the goat pasture and water-containing potholes in a thick oak 
wood about 30 m to the northwest of the site. Bams near the kennel and halfway from 
the oak wood were strewn with different kinds of debris and containers, some holding 
water. These were partially cleaned up in 1994.
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At all sites, heavy rainfall left water pools that remained for several days and only 
dried when it did not rain for 2-3 weeks. The sites were not lit at night and no people 
came near after sunset.
Mosquito Collections
Mosquito trapping began on the 22nd of June, 1993, with the Folsom trap which 
was built first because the site and horses were readily available. This trap was in 
operation 3 days a week for 5 weeks before the other traps and sites were ready. The 
Mandeville and Slidell sites were in operation from the 28th and 29th of July, 
respectively. All traps were in operation from April 12th, 1994. Because the horses had 
to be tethered and, therefore, could not feed, they were usually in the trap only from 
6:00 pm to 11:00 pm or 7:00 pm to 12:00 pm, as opposed to an overnight trapping. The 
trap was closed until the following morning when the mosquitoes were removed using 
a hand-held aspirator. The mosquitoes were transported live to the St Tammany Mosquito 
Abatement District laboratory in Slidell, killed by chilling for 5 to 10 minutes, sorted on 
a chill table into the various genera, and identified by species and counted. During the
1993 trapping period, only a portion of the collected mosquitoes were placed in vials, 
properly labelled and maintained at minus 45°C for future reference. In 1994, all the 
collected mosquitoes were processed into pools (maximum of 100 in each pool) and sent 
to the Centers for Disease Control and Prevention (CDC) on dry ice by overnight express 
for virus isolation. Rainfall data for the 1993 trapping period were obtained from St. 
Tammany Mosquito Abatement District and the Louisiana Monthly Climate Review. The
1994 rainfall data were obtained from rain gauges attached to the roofs of the traps.
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Trapping at all the sites was discontinued on the 1st of September, 1993, and 23rd of 
September in 1994.
RESULTS
In 1993, a total of 4,535 mosquitoes were captured from the three traps. This 
included 1,136, 1,833, and 1,566 from the Folsom, Mandeville, and Slidell sites, 
respectively. Twenty-one species were captured, with 16 from Folsom, 17 from Slidell, 
and 14 from the Mandeville site. These species, their numbers, and proportions relative 
to the total catch per site (i.e., trap %) are listed in Tables 3-5. A species was considered 
an important horse feeder if its trap % was greater than 1 and the engorgement rate 
greater than 50%. Thus, 6 species are important horse-feeders at the Folsom site, and 
9 each at the Mandeville and Slidell sites. Five species (Ae. vexans, An. crucians, Cx. 
(Melanoconion) spp., Cx. salinarius and Psorophora columbiae Dyar and Knab) were 
predominant at all sites, while Ae. albopictus, Ae. atlanticus, Cq. perturbans and Ps. 
ferox Humboldt were predominant horse-feeders at the Mandeville and Slidell sites and 
Ps. ciliata Fabricius only at the Folsom site.
In the 1994 trapping period, a total of 23,906 mosquitoes comprising 2,236, 
5,575, and 16,195 were captured from the Folsom, Mandeville, and Slidell sites, 
respectively and 22 species were involved with 16 from Folsom, 20 from Mandeville and 
22 from the Slidell site. Based on the criteria used for the 1993 data, Cx. salinarius, Cx. 
(Melanoconion) spp., Ps. columbiae, An. crucians and Ae. vexans, in that order, were 
the predominant horse-feeding species at the Folsom site. Culex. salinarius, Cx. 
(Melanoconion) spp., An. crucians, An. quadrimaculatus, Cq. perturbans, and Ps. ferox,
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in that order, at the Mandeville site; and Cx. salinarius, Cx. (Melanoconion) spp., An. 
crucians, Ps. ferox, Ae. vexans, Cq. perturbans, An. quadrimaculatus, Cx. nigripalpus 
and Ae. albopictus, in that order, at the Slidell site.
Four species, Cx. salinarius, Cx. (Melanoconion) spp., An. crucians and Ae. vexans, 
were common to all three sites; and three, An. quadrimaculatus, Cq. perturbans and Ps. 
ferox, only to Mandeville and Slidell sites (Tables 3-5). The mosquito abundance and 
species dominance patterns in 1994 are reflected in Figures 1-3. There is a tendency for 
Cx. salinarius, followed by Cx. (Melanoconion) spp., to dominate at all the sites. 
Appendix 2A-F provide additional information on these patterns as well as those 
exhibited in 1993.
Rainfall during the trapping period in 1993 totalled 411.5 mm in Folsom, 589.5 
mm in Mandeville and 712. 5mm in Slidell, i.e., 37.4 mm, 53.6 mm and 64.8 mm 
respectively, per trap week. The totals were 262.5 mm, 322.5 mm and 348.8 mm (23.9 
mm, 29.3 mm, 31.7 mm) respectively, during the same period in 1994. Total rainfall per 
trap week at all sites during the 2 years is depicted in Appendix 3A and B. 
DISCUSSION
It is evident from the data that a wide variety of mosquito species feed on horses 
in St. Tammany Parish. Although the majority were caught in small numbers, their 
engorgement rates were high (80-100%), implying their extreme willingness to feed on 
horses. These data and other field observations suggest that these poorly represented 
species are sparsely distributed in the Parish. In contrast, 5 species, Cx. salinarius, Cx. 
(Melanoconion) spp., Ae. vexans, Ps. columbiae and An. crucians were dominant and
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Table 3: Female Mosquito Catches in Horse-Baited Traps, 1993; 1994. Folsom Site
SPECIES
1993 1994
AV. % 
ENGORGED
Total Trap% Total Trap %
Cx. salinarius 49 4.6 775 34.7 84.2
nigripalpus 6 <1 11 <1 65.6
quinquefasciatus 21 2 37 1.7 9.7
territans 0 0 1 <1 0
restuans 0 0 63 2.8 88.9
(Melanoconion) 248 21.8 645 28.8 93.0
Ae. vexans 48 4.5 128 5.7 97.2
albopictus 2 <1 2 <1 75.0
cinerius 1 <1 0 0 100.0
mitchellae 1 <1 0 0 100.0
Ps. columbiae 607 57.0 304 13.6 98.2
ferox 0 0 6 <1 83.3
ciliata 71 6.3 17 <1 97.0
howardii 5 <1 2 < 1 100.0
Cq.perturbans 3 <1 23 1.0 100.0
An. crucians 58 5.5 176 7.9 97.6
quadrimaculatus 8 <1 34 1.5 86.1
punctipenis 6 <1 12 <1 95.9
Cs.melanura 1 <1 0 0 100.0
Totals: 19 species 1135 2236
41
Table 4: Female Mosquito Catches in Horse-baited Traps, 1993; 1994. Mandeville
Site
SPECIES
1993 1994
AV. % 
ENGORGED
Total Trap % Total Trap %
Cx. salinarius 186 10.3 3066 54.8 95.0
nigripalpus 7 <1 20 <1 58.8
quinquefasciatus 12 <1 41 <1 0.0
territans 0 <1 3 <1 0.0
(Melanoconion) 951 51.9 1705 30.5 86.3
Ae. vexans 164 9.0 151 2.7 95.7
albopictus 11 <1 12 <1 91.0
atlanticus 226 12.5 15 <1 94.7
triseriatus 0 <1 3 <1 66.7
f  pallens 7 <1 6 <1 100.0
infirmatus 0 <1 2 <1 100.0
mitchellae 0 <1 1 <1 0.0
Ps. columbiae 26 1.4 7 <1 100.0
ferox 53 2.9 91 1.6 97.4
ciliata 0 <1 1 <1 100.0
howardii 1 <1 1 <1 100.0
Cq. perturbans 156 8.6 92 1.6 91.9
An. crucians 71 3.9 267 4.8 95.4
quadrimaculatus 2 <1 112 2.0 96.5
Cs. melanura 0 <1 1 <1 0.0
Totals: 20 species 1873 5597
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Table 5: Female Mosquito Catches in Horse-baited Traps, 1993; 1994. Slidell Site
SPECIES
1993 1994 AV. % 
ENGORGEDTotal Trap % Total Trap %
Cx. salinarius 189 12.1 8157 50.4 94.6
nigripalpus 9 <1 93 <1 78.4
quinquefasciatus 1 <1 75 <1 0.0
territans 0 <1 12 <1 50.0
restuans 0 <1 10 <1 0.0
(Melanoconion) 803 51.3 6033 37.3 89.5
Ae. vexans 46 3.0 309 1.9 97.2
albopictus 29 1.9 83 <1 98.8
atlanticus 22 1.4 10 <1 92.5
f .  pallens 9 <1 9 <1 94.5
mitchellae 0 <1 3 <1 0.0
triseriatus 0 <1 12 <1 100.0
infirmatus 1 <1 1 <1 50.0
taeniorhyncus 1 <1 0 <1 0.0
Ps. columbiae 143 9.2 44 <1 95.1
ferox 119 7.6 334 2.1 93.2
ciliata 0 <1 9 <1 100.0
howardii 1 <1 12 <1 100.0
cyanescens 1 <1 0 <1 100.0
Cq. perturbans 13S 8.7 305 1.9 97.5
An. crucians 46 3.0 412 2.5 97.9
quadrimaculatus 2 <1 257 1.6 99.4
punctipennis 0 <1 2 <1 100.0
Cs. inornata 0 <1 1 <1 0.0
Totals: 24 species 1557 16183
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important horse-feeding species at the Folsom site during both 1993 and 1994; 6 species, 
Cx. salinarius, Cx. (Melanoconion) spp., Ae. vexans, Ps. ferox, An. crucians and Cq. 
perturbans at the Mandeville site; and the same species plus Ae. albopictus (7 species) 
at the Slidell site. With the difference in rainfall, i.e., more rain in 1994 than 1993 
during the same period, these results imply that these species would always be significant 
horse-feeders in these areas, irrespective of environmental conditions. Their populations 
only change when the relevant conditions are favorable or unfavorable. EEEV has been 
isolated from all of them, and all, except An. crucians, have been associated with past 
EEE outbreaks. Cx. salinarius, Cx. (Melanoconion) spp., Ae. vexans and An. crucians 
were the dominant horse-feeders at all the sites during both years, implying that these 
species are ubiquitous. The other species seem to be more restricted by ecological 
conditions, i.e., Ps. ferox and Cq. perturbans to the wet lowlands in the southern portion 
of the Parish (Mandeville and Slidell areas) and Ps. columbiae to the drier highlands in 
the northern portion (Folsom). In July and August, 1994, there was increased EEEV 
activity in the Parish as indicated by seropositivity in study chickens. The presence and 
abundance of the above horse-feeding species at this critical time demonstrate their 
potential as vectors of epidemic EEEV in this part of the virus range.
Several other species were major horse-feeders either in 1993 or 1994 at the different 
sites. Of these, interesting observations were made on three: Ae. albopictus populations 
were generally low in the Parish in 1994 because of a spate of spontaneous clean-ups. 
The sites were almost totally devoid of water-holding containers, which are the usual 
breeding habitat for the species. The size of the capture also depended on the distance
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of the trap from the habitats. At the Folsom site, for example, only 2 mosquitos were 
captured both in 1993 and 1994, although many larvae were seen in containers around 
the farm house, feed sheds, and animal stalls approximately 183 m from the trap. Aedes 
atlanticus adults seem to be restricted to their breeding habitats in woodlands with semi­
permanent to permanent water pools. For example, although large adult populations were 
observed in the oak wood approximately 30 m from the Slidell trap, very few were 
caught in the trap. The woods surrounding the Mandeville site were repeatedly sprayed 
locally in 1994 including on trapping days, thus drastically reducing the Ae. atlanticus 
catch from 226 in 1993 to only 15 in 1994 (Table 4). The restriction to breeding habitats, 
in turn, restricts the species’ potential as an epidemic vector to these habitats.
Figures 1-3 show temporal variations in dominance of some significant species, 
especially Cx. salinarius and Cx. (Melanoconion) spp. The former is highly abundant in 
the spring and gradually decreases as the weather becomes hotter during the summer, 
whereas the latter increases in abundance as the summer advances, peaking in July and 
August. The influence of rainfall is especially evident at the Folsom site (Fig 1) and is 
depicted in the form of a delayed response, i.e., an increase in mosquito populations 
becomes evident only about a week or so after a good rain fall. This response is not so 
clear in the 1994 data, especially for the Mandeville and Slidell sites, because of the 
impact of mosquito control on the abundance and feeding patterns of the major species. 
Following very heavy rainfall in June and July, 1994 (i.e., 75 mm above normal), there 
was an upsurge in mosquito populations. CDC light traps were netting up to 120,000 on 
average per trap night. Likewise, horse trap catches that had dropped from over 2,000
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at the beginning of May to about 200 at the end of the month, went up again. A 
comparison between CDC and horse trap catches at that time revealed that a horse trap 
catch of 500 mosquitoes would imply 120,000 from a CDC trap. Subsequently, horse 
trap catches were used to judge the prevailing populations of host-seeking mosquitoes and 
a catch of 200 and above would elicit aerial spraying. The appearance of EEE in 
chickens in August led to an intensification of mosquito control measures which 
drastically reduced horse trap catches. The extra local spraying on trap days at the 
Mandeville site impacted on the catches there even further. The potentiating effect of 
rainfall on mosquito populations is also clearly discernible in the data. For example, 
substantial rainfall in 1993 created a potential for population upsurges in the following 
year. When followed by generally fair rainfall in 1994, the upsurges occurred and a 
possibility for outbreaks of mosquito-borne diseases was created. The dependence of this 
potentiating effect on physico-ecological factors such as soil type, relief, and drainage 
is also discernible, i.e., the upsurges mentioned above occurred in the Mandeville and 
Slidell areas where total mosquito catches were 2,447 and 4,441, respectively, in 1994, 
compared to 1,833 and 1,566 during the same period in 1993. The total catch at the 
Folsom site was 999 in 1994 compared to 1,136 during the same period in 1993.
The indicators on environmental influences discussed above provide only a shallow 
insight into the topic. For a good assessment of these influences, much more time and 
attention and a study area with little or no human interference in the natural course of 
events are required.
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CONCLUSIONS
The objective of this study was to determine those mosquito species that feed on 
horses and could be bridging and/or epidemic vectors of EEEV in southeastern 
Louisiana. Such species have to be avid horse-feeders, be present in abundance at the 
time when EEEV activity peaks, and have a relatively long flight range. Based on the 
results of this study, the following conclusions were made:
1) Culex salinarius, Cx. (Melanoconion) spp, Ae. vexans and An. crucians more than 
satisfy the stated criteria in all the studied and similar areas, irrespective of 
geographic location and physico-ecological conditions;
2) Psorophora columbiae, Ps. ferox and Cq. perturbans also more than satisfy the 
criteria, but in geographic locations with appropriate physico-ecological conditions; 
and
3) Aedes atlanticus and Ae. albopictus somewhat satisfy the criteria when their specific 
habitats are located close to the EEEV epidemic hosts (man and horses) and there is 
little or no human interference.
The fact that these species (except An. crucians) have been associated with past 
EEEV outbreaks and that the virus has been isolated from all of them, strengthens this 
belief. Virus isolation work with the listed species during an EEEV outbreak in an 
appropriate area should confirm these results and is therefore strongly recommended.
During the study, an attempt was made to assess the impact of environmental factors, 
especially rainfall, on the abundance, dominance, and feeding patterns of the prospective 
major horse-feeding mosquito species. This had little success due to interference by an
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intensive and quite effective mosquito control program, the study period being too short, 
and insufficient effort dedicated to the assessment. A longer study, more dedicated to the 
potentially influential factors, is therefore strongly recommended in an area with little or 
no interference in the natural course of events.
CHAPTER 3
BIRD FEEDING MOSQUITO SPECIES OF SOUTHEASTERN LOUISIANA 
WITH REFERENCE TO THEIR POTENTIAL 
AS VECTORS OF EASTERN EQUINE ENCEPHALOMYELITIS
INTRODUCTION
Chamberlain et al. (1954; 1956; 1958) established that a principal factor associated 
with the transmission of EEEV to susceptible horses and humans is the relationship 
between the mosquito species and the vertebrate hosts involved. As Culiseta melanura 
is primarily omithophilic and rarely feeds on horses and humans (Edman et al., 1972; 
Hayes 1881; Tsai, 1991; 1994), other mosquito species, less readily infected with EEEV, 
but which feed on horses and humans as well as on birds, therefore, serve as epidemic 
vectors (Hayes 1981; Crans et al., 1986; Moore et al., 1993; Tsai, 1994). These 
potential epidemic vectors have not yet been definitely identified, although, depending 
on geographic location, season of the year, environmental conditions, or the dynamics 
of the respective mosquito populations, many investigators generally suspect Cq. 
perturbans, Aedes sollicitans, Ae. vexans, Ae. atlanticus-tormentor, Cx. salinarius, Cx. 
nigripalpus, Ae. albopictus, etc. (Crans e ta l., 1976; Crans 1977; Grimstad 1983; Hayes 
1981; Crans and Schulze 1989; Moore et al., 1993)
A previously reported mosquito study (Chapter 2) using horse-baited stable traps to 
determine horse feeding species in southeastern Louisiana, recorded 22 such species, out 
of which, depending on geographic location and environmental conditions, Cx. salinarius, 
Cx. (Melanoconion) spp., Ae. vexans, Ae. atlanticus, Ae. albopictus, Cq. perturbans, An.
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crucians and An. quadrimaculatus were important horse-feeders. The main objective of 
the current study was to compare varieties of mosquito species that feed on birds 
(represented by chickens) as well as horses. This would suggest the potential of such 
species as bridging (between birds) or epidemic (between birds and horses or humans) 
vectors. It was also hoped that if Cs. melanura was feeding on the chickens, it would be 
collected while resting in the chicken coops with the other species, and tested for 
presence of EEEV. This would strengthen and somewhat confirm the bridging/epidemic 
vector potential of the identified important species. This chapter reports the results of the 
study.
MATERIALS AND METHODS 
Study sites
Chicken yards were located in the three study areas, Folsom, Mandeville, and Slidell. 
It was important that these yards be located very close (within 1.5 km) to the horse trap 
sites, but this was not possible for all the yards, because backyard chicken rearing has 
become infrequent in the parish. The closest to a horse trap, and the largest chicken 
yard, was that in Folsom. It was located about 0.8 km away and had more than 50 
chickens. Apart from chickens, this yard had many other avian species including turkeys, 
guinea fowls, pheasants, quail, partridges, and many exotic birds. About 30 m to the east 
was a thickly wooded stream which drained into a small Cs. melanura-breeding swamp 
to the northeast. The swamp was located between the yard and the horse trap site. The 
yard was surrounded by cattle pasture, which was in use during the study period. It had 
a history of EEE occurrence; a pheasant flock was reportedly wiped out some 3 years
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prior to the study. It was re-stocked at the beginning of 1994. Once contacted, the owner 
was very willing to permit the use of his yard due to this experience.
The two Mandeville yards were approximately 4.8 km north and 8 km west of the 
horse trap site, respectively, but the environmental conditions approximated those of the 
site, i.e., coastal pine forest with thick underbrush, loamy, poorly drained soils, affected 
by the same rain-bearing winds, etc. The west Mandeville yard was just about 30 m from 
a Cs. melanura- breeding swamp at the edge of Lake Pontchartrain, while the forest 
adjacent to the north Mandeville yard was dissected by streams that flood some parts of 
the forest during heavy rains and after which water is retained in long lasting pools. Both 
the north and west Mandeville areas had a history of frequent EEE occurrence in horses.
The Slidell yard was located about 6.4 km from the horse trap site, also along the 
suburban-Pearl River basin interface and also with conditions approximating those at the 
trap site. The Slidell area had an uncertain history of EEE occurrence.
The chicken houses at the Folsom and north Mandeville yards were spacious, barn­
like structures, while those at the Slidell and west Mandeville yards were low, oblong, 
stable-like structures. All houses had at least one wall covered only with chicken wire 
mesh. The north Mandeville and Slidell yards kept only chickens, while the west 
Mandeville had a few quail as well.
Mosquito collections
These began with the Folsom yard on May 10th, 1994. Mosquito collection at the 
other yards began on May 25th. Collections at all yards continued on a bi-weekly basis 
and simultaneously with the respective horse trap collections, until September 23rd.
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Collections were made only in the mornings with the same hand-held aspirator used in 
horse trap collections. It was not possible to collect all the mosquitoes resting on the 
walls and roof because of the openness of the chicken coops. However an effort was 
made at each collection to collect as many of the resting mosquitoes as possible before 
the rest flew off. Also, at least one pass with the aspirator was made on all possible 
resting parts of the walls and roof, in order to collect a representative sample of all the 
species feeding on the chickens.
Following seroconversion of some of the study chickens to Highlands J (HJ) virus 
and EEEV in July, resting boxes and CDC light traps were set up in the vicinity of the 
positive chicken yards to collect Cs. melanura.
The collected mosquitoes were transported live to the St. Tammany Mosquito 
Abatement District Laboratory, killed by chilling at minus 45°C for 5-10 minutes, sorted 
out on a chill table, identified, and counted. They were then shipped on dry ice by 
overnight express to the Centers for Disease Control and Prevention (CDC), Fort 
Collins, Colorado, to be tested for EEEV.
RESULTS
Table 6 shows the variety of mosquito species collected from chicken coops at each 
study site, their average engorgement rates, and site percentages. The site percentage 
denotes the proportion of mosquitoes collected by species, relative to the total site 
collection. As with the horse trap study results reported previously, a species with a site 
percentage greater than 1 and an average engorgement rate greater than 50% was 
considered an important bird- feeding species. The numbers and site percentages of such
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species are highlighted in bold. Thus, Cx. quinquefasciatus was significant at all study 
sites, Cx. (Melanoconion) spp. at the west Mandeville and Slidell sites, and An. 
quadrimaculatus and An. crucians at the west and north Mandeville sites, respectively. 
A total of 10 species were collected from the four study chicken yards and all except Ae. 
vexans, had high average engorgement rates (ranging from 56.8 to 100%).
Table 6: Female Mosquito Collections From Chicken Coops, 1994. 
Major Species Totals: All Sites
Species Folsom (Site %)
Mandeville (Site %) Slidell 
(Site %)
Av. % 
EngorgedWest North
Cx.
quinquefasciatus
1408
(98.7) 317 (16.0)
1503
(98.2)
1438
(96.9) 85.9
(Melanoconion) 4 (<  1) 1115(56.1) 10 (<  1) 24 (1.6) 65.6
salinarius 13 « 1 ) 10 (<  1) 0 0 96.2
nigripalpus 0 6 (<  1) 0 0 100.0
Ae. vexans 0 1 << 1) 0 0 0.0
albopictus 1 « 1 ) 0 0 0 100.0
infirmatus 1 « D 1 « 0 0 0 100.0
An. quadrimaculatus 0 520 (26.2) 9 « 1 ) 9 (<  1) 56.8
crucians 0 5 « 1 ) 17 (1.1) 1 2 ( d ) 73.6
Cq.perturbans 0 1 2 « 1 ) 0 1 ( d ) 100.0
Totals: 10 species 1427 1987 1530 1484
Fig. 4 was constructed for the west Mandeville site collection and reflects the 
shifts in seasonal dominance of the important species, especially Cx. quinquefasciatus and 
Cx. (.Melanoconion) spp. Fig. 5 was constructed for Cx. quinquefasciatus and illustrates
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Fig. 4: Mosquito Collections From Chicken Coops, 1994: Major Species Totals:
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Fig. 5: Mosquito Collections From Chicken Coops, 1994. Major Species Totals—Cx. quinquefasciatus: All Sites.
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a tendency of activity patterns to fluctuate with fluctuations in water level in the coops 
at all sites.
Only one Cs. melanura mosquito was found among the chicken coop collections 
throughout the study period. However, small numbers were captured in the resting boxes 
and CDC light traps in August. This and the July seroconversion in chickens suggested 
that Cs. melanura also may have been feeding on the chickens.
DISCUSSION
It should be noted that, because of the openness of the chicken houses, mosquitoes 
could escape any time after engorgement or during collection. In fact, many were 
observed escaping during collection. Furthermore, the chicken houses were so spacious 
that it was impossible to collect all the mosquitoes. The results show only the numbers 
of mosquitoes caught, but not of all those that had actually been feeding on the chickens. 
Therefore, unlike the trap percentage in the previously reported horse trap study, the site 
percentage is less useful as a measure of significance than the engorgement rate. Thus, 
the variety of mosquito species and their engorgement rates are more important in the 
interpretation of the results of this study.
Culex quinquefasciatus was collected in large numbers from all the study sites 
because it was breeding in the “drinkers” in all the coops and in long-standing water 
pools left by heavy rains in some of the coops. Thus, the similarity in activity patterns 
at all sites. It is noteworthy that, although similar conditions were observed at the horse 
trap sites, Cx. quinquefasciatus catches were very low, with almost zero engorgement
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rates. This implies that this species may be more biased towards avian feeding and, 
therefore, has potential only as a bridging vector of EEEV with respect to equines.
Although found throughout the parish, the results of this study show that Cx. 
(Melanoconion) spp. is a swamp breeder, as indicated by the large collection at the west 
Mandeville site. The results bring to light several noteworthy facts about the species in 
this part of the EEEV range:
1) It shares breeding habitats with Cs. melanura;
2) Its population peaks in late summer and early fall, the peak period of EEE
activity; and
3) A preference for mammalian feeding is suggested, but avians are avidly fed upon
if they are the most available hosts. A large number were collected from the west 
Mandeville site where the study chickens were the most available hosts, but a 
small number were collected from the Folsom site which abounded with 
mammals. A large number were caught in the nearby horse trap.
All these factors imply a high potential as an epidemic and bridging vector.
Culiseta melanura was not found in the chicken coops throughout the study 
period. However, seropositivity of the study chickens to EEEV and HJ virus and 
subsequent capture in resting boxes and CDC light traps set in the vicinity of west 
Mandeville chicken yard suggest that Cs. melanura may have been feeding on the 
chickens. This also implies that it preferred flying back to the swamp at day break to 
resting in the chicken coops.
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CONCLUSIONS
Out of 22 mosquito species previously found to be horse-feeders, 10 were also 
found to be avian-feeders. Although the numbers representing the mosquito collections 
and the site percentages must be interpreted with caution, they still indicate that 
substantial numbers of Cx. quinquefasciatus, Cx. (.Melanoconion) spp., An. 
quadrimaculatus and An. crucians feed on birds. The last three species were previously 
shown to be important horse-feeders, although experimentally, the two Anopheles species 
are not competent as EEEV vectors. These results, when combined, strengthen the 
potential, especially of Cx. (Melanoconion) spp. as a bridging and epidemic vector of 
EEEV.
The study results indicate that Cx. quinquefasciatus has high potential as a 
bridging vector, whereas Cx. (Melanoconion) spp. is shown to be a prime candidate as 
an epidemic vector, although it could also be a bridging vector.
Finally, the results suggest that Cs. melanura prefers flying back to the swamp 
after feeding on birds at higher ground levels and will not rest in the chicken coops.
CHAPTER 4
STUDIES OF EASTERN EQUINE ENCEPHALOMYELITIS VIRUS 
IN CHICKENS, WILD BIRDS AND MOSQUITOES 
IN SOUTHEASTERN LOUISIANA
INTRODUCTION
According to McLean (1991), a good vertebrate animal sentinel in arbovirus 
monitoring/surveillance programs should have the following qualities:
1) Susceptibility to the virus being monitored and an adequate antibody response of 
long duration;
2) Usually no morbidity or mortality from infection (excepting equines for EEE, 
WEE, VEE and ring-necked pheasants for EEE);
3) Local abundance and mobility to increase exposure to the monitored virus;
4) Attractiveness to and tolerance of vector feeding as well as frequent exposure to 
the vector species;
5) Ease of capture, handling, and acquisition of blood specimens;
6) Ease of age determination and of multiple captures of tagged subjects, and 
longevity of life for multiple sampling.
Chickens do not satisfy all these requirements, especially number 3, but have been 
in use as sentinels for arbovirus monitoring/surveillance for a long time. Because of the 
mentioned shortcomings and the high cost of maintenance, captive sentinel chickens are 
currently used only at specific sites with a history of virus activity (Morris, 1988; 
McLean, 1991). Many U.S. states have flocks scattered throughout areas of greatest
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EEE, SLE or WEE risk, while others use both chickens and free-ranging wild birds in 
their monitoring programs.
Besides birds, mosquitoes are also used in some foci to monitor endemic or 
epidemic EEEV activity, and virus isolations from species other than Cs. melanura signal 
potential epidemic activity (Morris, 1988; Moore et al., 1993).
In previously reported mosquito studies (Chapters 2 and 3), horse- and bird- 
feeding mosquitoes were collected using horse-baited stable traps and chicken coops to 
determine the important species and their EEEV vector potential in southeast Louisiana. 
The current studies were to establish the presence of EEEV and monitor its activity in 
the same areas; determine the time interval (transfer interval or extrinsic incubation 
period) between its first appearance (if any) in birds (represented by the chickens) and 
the beginning of outbreaks, if any, in local equines or humans; and to verify the EEEV 
vector potential of the important horse- and bird-feeding species. This chapter reports the 
results of these studies.
MATERIALS AND METHODS
The chicken yards used in the mosquito studies were also used in the chicken 
serological study. Two other yards located in the Pearl River and Lacombe areas were 
also used. The Lacombe yard was located at the edge of a Cs. melanura-breeding swamp 
and had about 50 chickens, usually kept in open wire mesh pens. The chickens were 
sometimes released to scavenge in the surrounding bushes, thus, exposure to host seeking 
Cs. melanura for these chickens was high.
63
The Pearl River yard was located some 5 km from the Honey Island Swamp, also 
a Cs. melanura-bteeding swamp. However, the probability of exposure to host-seeking 
Cs. melanura was very low, as the 5 km was mainly through residential areas. There 
were 9 chickens, free ranging most of the time. The west Mandeville, north Mandeville, 
and Slidell yards had 10, 23, and 10 housed chickens, respectively.
A maximum of 10 chickens from each yard were banded and bled on a bi-weekly 
basis (simultaneously with mosquito collections from the coops) from May 10 to October 
18, 1994. At each bleeding session, about 0.2 ml of blood was collected from each 
chicken into 1 ml syringes containing 0.2 ml of diluent. Another 0.2 ml of diluent was 
added at centrifugation (1400 rpm), after which the sera were placed in a cooler box and 
taken by hand to the Department of Health and Hospitals (DHH) Central Laboratories 
in New Orleans, where they were tested for EEE, St. Louis encephalitis (SLE) and HJ 
using an IgG ELISA test.
As a consequence of seroconversions to HJ in June and EEE in July, the study 
was extended to free-ranging wild birds and wire mesh walk-in bird traps were sited 
throughout the Mosquito Abatement District and some high risk areas outside its borders. 
The captured birds were bled and tested as described for chickens above.
The mosquito virus isolation study was conducted from May through September, 
1994. All the mosquitoes collected from the horse traps and chicken coops (Chapters 2 
and 3) were placed in sealed vials and shipped on dry ice by overnight express to the 
Centers for Disease Control and Prevention (CDC), Fort Collins, Colorado, for virus 
isolation. As a consequence of the seroconversions in chickens mentioned above and the
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almost non-availability of Cs. melanura in the chicken coops, resting boxes (wooden 
boxes painted black outside and red inside) and CDC light traps were set up in the 
vicinity of the positive yards; all the subsequently collected mosquitoes, including a few 
Cs. melanura collected in July and August, also were shipped to CDC.
At CDC, the mosquitoes were re-pooled (maximum of 100 per pool) and each 
pool was ground in 2 ml of bovine albumin (BA-1) diluent using a separate sterile mortar 
and pestle. The resultant mixture was centrifuged at 14,000 rpm for 2 minutes and the 
supernatant transferred to properly labelled tubes for storage at minus 90°C until testing.
Virus isolation was done by plaque assay in Vero cells. A small portion of each 
pool was inoculated onto a Vero cell culture suspended in M-199E growth medium 
contained in 6-well culture plates. Each pool was allotted 2 wells, thus each plate held 
3 pooled samples. After incubating at 37°C for 1 hour for the cells to adsorb any virus 
in the inoculum, the suspension was overlaid with 1% Noble agar fortified with a 
balanced salt solution and amino acids and supplemented with antibiotics and fungicides 
to control bacterial and fungal contamination. Protocols for preparation of media and 
reagents are obtainable at CDC, Fort Collins. The inoculated cultures were incubated at 
37°C and observed for cytopathic effect (CPE) for a maximum of 9 days, day 1 being 
the next day after inoculation; EEEV plaques should begin to appear on day 3 and if not 
harvested earlier, CPE should cover the entire well by day 9.
Harvesting can be done usually by the 6th day. The agar overlayer is gently 
peeled off with a sterile plastic spatula and the plaques are suspended in 2ml of BA-1 
diluent, transferred into storage tubes, and maintained at minus 70°C until identification.
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The Antigen Capture ELISA, during which an isolate is tested against a battery 
of immune reagents, is the main identification test. The protocols for the test are 
obtainable from the appropriate section at CDC, Fort Collins.
RESULTS
Table 7 shows results of the chicken serological study. Twelve batches of chicken 
sera totalling 644 had been tested by the end of the study period. In June, 4 chickens in 
3 yards tested positive to HJ and then in July, about 2 to 3 weeks later, 2 more chickens 
tested positive to HJ and 2 to EEE. One chicken tested positive to both viruses. The last 
positive results for both HJ (1 chicken) and EEEV (1 chicken) were at the beginning and 
end of August, respectively. To monitor the effectiveness of the test, the positive 
chickens were bled throughout the study period. The HJ positives remained positive, 
while the EEE positives alternated between being doubtful and positive. However, the 
final results were positive. During July and August, a few more chickens tested 
doubtfully and were not regarded as positive. No horse or human case was recorded. 
Four hundred thirty-seven wild birds were captured and bled from June through 
November, 15 but only 1 wild bird, an adult blue jay (Cyanocitta cristata) caught on 
October 12, tested positive to EEEV. The blue jay capture was 14.2% of this total and 
occupied fourth position after the cardinal (16.2% or 71 birds), mourning dove (16.7% 
or 73) and red-winged blackbird (25.6% or 112 birds). These and two other species, the 
brown thrasher (5.0% or 22 birds) and the common grackle (4.8% or 21) made up 82. 
5% of the total capture. In comparison, 2 wild birds in August and 6 in October tested 
positive to SLE.
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Table 7: Eastern Equine Encephalomyelitis Serological Study of Chickens:
St. Tammany Parish, 1994
Week No. Date Sample
Total
No.
Positive/
site
Positive Site Virus ID.
1 05/10 37 0
3 05/24 57 0
5 06/08 48 1 W.Mandeville HJ
2 N.Mandeville HJ
1 Lacombe HJ
7 06/21 47 0
9 07/07 56 2 W.Mandeville HJ, EEE
11 07/19 60 1 W.Mandeville HJ
1 N.Mandeville EEE
1 Lacombe HJ, EEE
13 08/02 60 1 N.Mandeville HJ
15 08/16 60 0
17 08/30 59 1 Lacombe EEE
19 09/13 58 0
21 09/28 53 0
23 10/18 49 0
Totals 644 11
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Table 8 shows the numbers of mosquitoes and mosquito pools collected by various 
methods and tested at CDC. Thirty-six thousand forty-eight mosquitoes, comprising 
1,022 pools, were tested. Six of these pools consisted of 40 Cs. melanura mosquitoes, 
11 (5 pools) of which were collected from the vicinity of the positive yards, mainly in 
August. Only 1 Cs. melanura was collected from a chicken coop (W. Mandeville site).
Table 8: Virus Isolation From Mosquitoes, 1994. Positive pools
Collection method Total collected Total pools No. 
positive pools
Horse trap 24,093 681 3
CDC light trap 5,355 148 4
Chicken coop 5,984 179 2
Resting boxes 379 14 0
Total 36,048 1,022 9
No EEEV was isolated, but nine pools yielded nine non-EEEV isolates as shown 
in Table 9. At this time, only one isolate was completely identified as Keystone virus 
(California serogroup), while a second had only been grouped as a Bunyavirus 
(Bunyamwera serogroup) distantly related to the Belem virus. The other 7 isolates had 
been tested against over 200 arboviruses without any tangible results and the 
identification process on them was reported to be continuing.
No isolate was obtained from Cs. melanura, while Cx. (Melanoconion) spp. 
yielded 7 of the 9 isolates.
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Table 9: Virus Isolation From Mosquitoes, 1994. Mosquito species and virus
identification
Coll.
Date Site Species Pool
Size
Lab.
0LA94-
Virus
ID
7/20 Mandeville* Cx. (Melanocon.) 50 594 Bunya
7/20 W. Mandeville Cx. (Melanocon.) 24 783 Unid.
8/03 W. Mandeville Cx. erraticus 100 713 Unid.
8/03 N, Mandeville Ae. atlanticus 36 732 Keys
8/04 Lacombe Cx. (Melanocon.) 75 744 Unid.
8/04 Slidell Cx. (Culex) 100 752 Unid.
8/15 W. Mandeville Cx. {Melanocon.) 68 1554 Unid.
8/16 Slidell* Cx. {Melanocon.) 63 1600 Unid.
8/31 Mandeville* Cx .{Melanocon.) 65 1657 Unid.
Note: * =  horse trap site Bunya = Bunyamwera.
Keys = Keystone Unid. =  unidentified.
Coll. Date =  collection date.
Melanocon. = Melanoconion spp.
DISCUSSION
The objectives of the chicken serological study were only partly attained. The 
study showed the state of EEEV activity in and around the swamp habitats, and when this 
activity reached its peak. However, there was no transfer to horses or humans and very 
few chickens (about 1 from each positive yard) were affected. This was most possibly 
the result of an intense and rather effective mosquito control program that was put into 
effect soon after the first HJ and EEEV positive chickens were announced. The program
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must have impacted very strongly on the upsurging Cs. melanura populations, as 
indicated by the small size of the trap and resting box captures (only 11 mosquitoes from 
the positive sites) and the absence of virus in wild birds during the critical period. 
Another possible explanation for the absence of horse cases could be the vaccination 
campaign that resulted from the positive chicken announcements. The study, however, 
demonstrated that when appropriately placed, private chicken yards can be used as an 
inexpensive but effective monitoring mechanism.
The objective of the mosquito virus isolation study was also only partly attained, 
i.e ., EEEV was not isolated from the collected mosquitoes, including the few Cs. 
melanura. However, 9 other isolates were obtained and the fact that 7 of them were from 
Cx. (Melanoconion) spp. increases the importance of this species as a potential epidemic 
vector. The study elucidated the difficulty of isolating EEEV from mosquitoes and 
strengthened the idea that such isolations, especially if done on species other than Cs. 
melanura, should imply high risk of an epidemic.
CONCLUSIONS
The chicken serological study successfully monitored EEEV activity in the 
swamp habitats. However, lack of transfer of the virus to epidemic hosts (horses and 
humans), probably due to the impact of a quite effective mosquito control program, 
precluded the determination of the transfer interval. The study also demonstrated that 
appropriately placed private chicken yards, if available, could provide an inexpensive, 
but quite effective, EEEV monitoring mechanism.
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The mosquito virus isolation study elucidated the difficulty of isolating EEEV 
from mosquitoes and strengthened the idea that such isolations, especially from species 
other than Cs. melanura, could imply an eminent epidemic. The fact that 7 of the 9 non- 
EEEV isolates obtained during the study were from Cx. (Melanoconion) spp. verified that 
this hitherto overlooked species may be an important potential vector. Further studies of 
the species are strongly recommended.
Finally, both the chicken serological and the mosquito virus isolation studies 
only partly attained their objectives. It is therefore suggested that they be repeated or that 
similar studies be conducted at the most appropriate time.
CHAPTER 5
STUDIES OF EASTERN EQUINE ENCEPHALOMYELITIS IN LOUISIANA:
DISTRIBUTION AND ACTIVITY OF THE VIRUS DURING AN 
INTER-EPIDEMIC PERIOD IN ST. TAMMANY PARISH
INTRODUCTION
Although the epidemiology and ecology of eastern equine encephalomyelitis has 
been greatly elucidated since the first recognized epidemic in 1938, there are still many 
unknown constituents that preclude a complete understanding of the natural history of the 
disease (Hayes, 1981). Among the questions that still remain unanswered are: 1) the 
overwintering mechanism of the virus and 2) the whereabouts or maintenance mechanism 
of the virus during the often long inter-epidemic periods (Monath, 1984; McLean, 1991; 
Moore et al., 1993).
During surveillance studies on Venezuelan equine encephalomyelitis in 1971, 
76 EEEV isolations were made from 67 horses in 14 states including Louisiana, even 
though the year was a non-epidemic one (Maness and Calisher, 1981). This suggests that 
the virus and the disease do not completely disappear as previously thought, but that 
transmission may be occurring at levels which currently favored monitoring programs 
are not able to detect (Moore et al., 1993).
Doubts have already been expressed on the necessity of an EEEV overwintering 
mechanism in the southern-most states, including Louisiana (Calisher and Beaty, 1992, 
Chapter 3).
Besides providing warnings of eminent epidemic situations, well-planned 
longitudinal surveillance could help define these questions. Equine case and serological
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surveillance has been cited as the most practical of all methods currently used (Maness 
and Calisher, 1981; Monath, 1984; Morris, 1988; Moore et al., 1993). A serological 
study was conducted to define the spatial and, to some extent, temporal distributions of 
EEE in St. Tammany Parish and determine disease events during the cold winter and 
spring months and during an inter-epidemic period. This chapter reports the results. 
MATERIALS AND METHODS
Bleeding of horses in the spring began on March 13 and ended on May 31, 
1993, while the fall bleeding was conducted from October 4 to November 28, 1993. The 
decision to use St. Tammany Parish as the study area was based on the following:
1) the parish has a history of EEE occurrence beginning from the first officially 
recognized epidemics in the 1930s and 40s;
2) knowledge of the disease’s existence in the parish would ensure cooperation by 
the local horse owners and officials;
3) the St. Tammany Parish Mosquito Control Board had already assured some 
financial support and, through the St. Tammany Mosquito Abatement District 
No.2, additional support would be forthcoming; and
4) interest in EEE events in neighboring Mississippi, which shares some ecological 
characteristics with Louisiana, required a study area close to that state. St. 
Tammany Parish satisfied this requirement.
Preparations for the study included: 1) obtaining approval of the Louisiana State 
University Animal Control Committee to bleed horses; 2) obtaining preliminary 
information on the horse population estimates by parish as well as parish-wide historic
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information of EEE occurrence; and 3) soliciting cooperation of the local horse owners, 
veterinarians and parish officials.
The approval was easily obtained, cooperation was assured, and some 
information on historic foci was obtained. However, no horse population information was 
available.
The lack of the horse population information meant that a statistical sample 
could not be drawn; however, in order to ensure adequate representation of the whole 
parish horse population, a map of the parish with 6-mile-square divisions was obtained 
and during the study, some horses found in the squares were bled. Only herds located 
at least a mile apart, were included and only horses that would be available for a second 
bleeding in the fall were bled during the spring.
A difficulty that developed during the spring bleeding was that one large group 
of veterinarians dropped out and others did not wish to participate. This restricted the 
bleeding only to friendly horse owners whose horses were mostly vaccinated. In order 
to avoid bleeding too few horses, and with the hope of later finding a way of sorting out 
vaccine titers from those resulting from exposure, it was decided that all horses satisfying 
the criteria for inclusion in the study be bled.
As each horse was bled, information concerning its identity, age, sex, and 
vaccination status, and the name and address of the premises and owner, were recorded. 
Vacutainer* tubes with no anticoagulant and 20-gauge Vacutainer* needles were used for 
bleeding. After each bleeding, the tubes were placed on racks held in cooler boxes 
containing ice packs. At the end of each bleeding day, the blood was transported to the
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laboratory where it was centrifuged at 1900 rpm and each serum specimen transferred, 
in two aliquots, to properly labelled storage tubes. The sera were stored at minus 45°C 
in a serum bank; only one of each pair of samples was tested using the hemagglutination 
inhibition (HI) test as described by Lennette and Schmidt (1979) and currently in use at 
the Louisiana Veterinary Medical Diagnostic Laboratory (LVMDL), Baton Rouge.
Another difficulty that was encountered during the fall bleeding was the high 
turn-over of horses in the parish. Only 142 (about 53%) of the horses bled in the spring 
were available for re-bleeding.
During the summer, case diagnostic and routine testing records of the LVMDL 
were obtained and scrutinized so as to gain knowledge of possible trends in immune titer 
responses of vaccinated and unvaccinated horses. It was hoped that such knowledge 
would be valuable in the later analysis of the study results.
RESULTS
Table 10 shows the number of horses per area bled in the spring, and the 
serological results. A total of 268 were bled, of which 52 (19.4%) had not been 
previously vaccinated and 24 (approx. 9%) had an unknown vaccination status. Of the 
201 (75%) that showed immune titer responses, 24 had titers ranging from 1:320 to 
1:1280 and comprised 21 vaccinated, 2 unvaccinated and 1 horse with an unknown 
vaccination status. There were 2 one day old colts with a titer of 1:80. The 67 horses 
that did not show any immune response were also mixed, i.e., 33 vaccinated, 17 
unvaccinated, and 17 with an unknown vaccination status.
Table 10: Spring 1993 Serological Results
75
Area
#
Bled
Titers
0 10 20 40 80 160 320 640 1280
Bush 71 17 3 10 19 15 4 3 0 0
Folsom 43 15 3 2 6 10 5 2 0 0
Covington 50 7 1 9 14 10 6 2 0 1
Abita Springs 27 10 2 2 4 4 4 1 0 0
Mandeville 7 0 0 1 0 0 1 3 2 0
Lacombe 7 0 1 1 1 2 1 1 0 0
Slidell 19 2 0 0 4 4 4 2 3 0
Pearl River 32 11 6 3 1 5 2 3 0 1
Madisonville 12 5 2 1 4 0 0 0 0 0
Totals 268 67 18 29 53 50 27 17 5 2
During the fall, 390 horses, including 142 from the spring sampling, were bled. 
The results are shown in Table 11. Three of the re-bled horses had been vaccinated on 
the day of the first bleeding; 2 of them had no detectable titers at first testing while one 
had a first titer of 1:20. Only one of the former had increased its titer to 1:40 during the 
summer, while the other two titers remained unchanged. The remaining 139 had been 
vaccinated at some time prior to the first bleeding and were not re-vaccinated during the 
summer. An examination of Table 12 shows that the titers of 42 horses remained 
unchanged, those of 70 had dropped from their spring levels, 20 horses had increased 
their titers by up to 3 dilutions and 7 by more than 3 dilutions. The highest second titer 
in the third category (20 horses) was 1:160. The immune response patterns in both the
Table 11: Fall 1993 Serological Results
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Area
#
Bled
Titers
0 10 20 40 80 160 320 640 1280
Bush 81 33 9 18 15 4 2 0 0 0
Folsom 112 26 9 24 20 16 U 4 2 0
Covington 104 24 10 19 20 22 7 1 1 0
Abita Springs 18 9 1 1 2 0 1 4 0 0
Mandeville 12 1 0 3 5 2 0 0 1 0
Lacombe 5 0 0 0 1 1 2 0 1 0
Slidell 24 2 1 4 1 5 7 2 0 2
Pearl River 33 16 2 1 2 4 4 3 1 0
Madisonville 1 0 1 0 0 0 0 0 0 0
Totals 390 111 33 70 66 54 34 14 6 2
Table 12: Immune Titer Changes During The Inter-bleeding Period of 139 Horses
Vaccinated Prior To The First Bleeding
Spring Fall Titer
Titer 0 10 20 40 80 160 320 640 1280 Totals
0 14 2 1 5 1 0 2 0 0 25
10 4 1 0 0 0 0 0 0 0 5
20 6 3 5 2 2 1 1 0 0 20
40 4 3 12 6 3 1 0 0 0 29
80 2 2 4 9 11 2 1 0 0 31
160 0 1 3 4 2 5 1 1 0 17
320 0 0 0 5 1 1 0 0 1 8
640 0 0 0 0 0 2 1 0 0 3
1280 0 0 0 0 0 0 0 1 0 1
Totals 30 12 25 31 20 12 6 2 1 139
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single spring and paired samples are depicted in Fig. 6, while those in the whole fall 
sample are depicted in Fig. 7.
Tables 13A and B illustrate the changes in titer levels with time since vaccination 
in horses with a known vaccination status. Tables 14A and B and Fig. 8 are meant to 
show the probable relationships (if any) between age and reactivity against exposure to 
both vaccine and wild EEEV.
The extra 248 horses bled during the fall comprised 64 replacements brought into 
the various herds at least 3 months prior to the fall bleeding and 164 in 32 newly bled 
herds. Out of 168 that had an immune titer response, only 12 (7.1%) responded with 
titers of 1:320 or greater, while the rest had titers ranging from 1:10 to 1:160, similar 
to the spring results.
DISCUSSION
Very little or no work has been done in comparing immune titer responses 
between vaccinated and unvaccinated horses. Many authors have cited the horse as the 
most practical surveillance vertebrate, but have assumed that this value is reduced as the 
level of vaccination increases (Morris, 1988; McLean, 1991; Moore et al., 1993). Yet, 
in an endemic setting, many accessible horses would be vaccinated and experience has 
demonstrated that those that are not vaccinated are usually not available for studies. In 
this study, only those horse owners that have regular contact with veterinarians were 
willing to participate, thus significantly reducing the study population. Consequently, all 
available horses had to be tested regardless of vaccination status and the challenge was
Re
ac
tiv
ity
 
pr
op
or
tio
n 
(%
)
30
0 10 20 40 80 160 320 640 1280
Titer
Fig. 6: Results Of The 1993 Horse Serological Study. Titer Patterns Of The Single Spring and Fall Samples.
N
um
be
r 
C
on
ve
rt
ed
120
Titers
i
| Fig. 7: Results Of The 1993 Horse Serological Study. Full Fall Sample.
Table 13A: Immune Spring Titer Levels Of 244 Vaccinated Horses With A Known Interval Since Last Vaccination
Titer
Time (months) since vaccination
Totals %0 1 2 3 4 5 6 7 8 9 10 11 *12
0 26 2 0 1 0 1 5 1 5 0 0 2 8 51 20.9
10 5 1 0 4 0 0 3 0 1 0 0 0 3 17 7.0
20 6 7 1 4 0 0 3 0 1 0 0 1 5 28 11.4
40 16 11 1 11 0 0 4 0 4 0 0 0 5 52 21.3
80 10 10 3 6 0 1 7 0 0 0 1 1 8 47 19.3
160 6 5 3 6 0 0 3 0 0 0 0 0 3 26 10.7
320 4 4 1 5 0 0 0 0 0 0 0 1 0 15 6.1
640 2 0 0 3 0 0 0 0 0 0 0 0 0 5 2.0
1280 0 0 0 3 0 0 0 0 0 0 0 0 0 3 1.2
Totals 75 40 9 43 0 2 25 1 11 0 1 5 32 244
Note: 34 horses with an unknown vaccination status excluded from the 268 bled in the spring. 
0 column = unvaccinated or vaccinated on day of bleeding.
Table 13B: Immune Fall Titer Levels Of 350 Vaccinated Horses With A Known Interval Since Last Vaccination
Titer
Time (months) since vaccination
Totals %
0 1 2 3 4 5 6 7 8 9 10 11 2:12
0 29 5 9 2 4 15 5 10 4 2 5 1 1 92 26.3
to 8 1 3 1 1 7 3 7 0 0 0 2 0 33 9.4
20 9 3 8 2 2 15 12 9 5 0 0 0 0 65 18.6
40 7 6 3 2 4 7 8 13 6 0 2 0 3 61 17.4
80 6 8 2 6 0 7 7 8 2 1 1 1 2 51 14.6
160 2 9 2 4 0 2 4 2 0 3 0 1 0 29 8.3
320 2 1 0 2 0 0 0 2 1 0 3 0 1 12 3.4
640 1 0 1 1 0 0 1 1 0 0 0 0 0 5 1.4
1280 0 0 0 0 0 0 0 1 0 1 0 0 0 2 0.6
Totals 64 33 28 20 11 53 40 53 18 7 11 5 7 350
Note: 40 horses with unknown vaccination status excluded from the 390 bled in the fall. 
0 column = unvaccinated or vaccinated on day of bleeding
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Table 14A: Immune Response by Age. Spring Results
Titer 9 £ 1 2 3 4
Age (years) 
5 6 7 8 9 1 0 1 1 & 1 2 Total
320 0 0 1 3 0 3 0 1 0 1 0 0 8 17
640 0 0 0 0 0 0 0 0 1 0 0 0 4 5
1280 0 0 0 1 0 0 0 0 0 1 0 0 0 2
^320 0 0 1 4 0 3 0 1 1 2 0 0 12 24
All
others
43 16 6 15 13 14 15 15 13 7 15 10 62 244
Total 268
Table 14B: Immune Response by Age. Fall Results
Titer 9 £ 1 2 3 4
Age (years) 
5 6 7 8 9 10 11 ^  12 Total
*320 0 1 0 1 0 0 0 0 0 0 0 0 4 6
*640 0 0 0 1 0 0 0 0 0 0 1 0 0 2
*1280 0 0 0 0 0 1 0 0 0 0 0 0 0 1
*>320 0 1 0 2 0 1 0 0 0 0 1 0 4 9
♦All
others 27 9 4 8 5 7 5 11 8 2 2 4 35 133
! >320 4 0 0 1 0 0 0 0 2 1 0 0 4 12
!AU
others 67 26 9 14 19 12 15 10 11 4 14 7 28 236
Total 390
Note: ? =  Age unknown
* = Re-bled horses
! =  Extra or newly bled horses
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to establish the difference in titer responses between vaccinated and unvaccinated horses, 
especially for the spring and non-paired fall samples.
A review of the LVMDL diagnostic records (186) from 1986 to August, 1992, 
revealed 40 cases that had been regarded as positive based on clinical signs, HI, and 
serum neutralization (SN) tests and, for some of them, virus isolation. Thirty of these 
cases were unvaccinated or had an unknown vaccination status but their HI antibody titers 
ranged from 1:20 to 1:160. The other 10 were either vaccinated or had a doubtful 
vaccination history and their HI titers ranged from 1:320 to 1:1280; 5 of these had been 
bled twice with results remaining unchanged. Similar trends are exhibited in the results 
of this study, especially those of the paired samples. There is no doubt that the 7 horses 
with high final titers (1:320 to 1:1280) had been exposed to EEEV during the summer. 
All had been vaccinated long before the first bleeding, while the majority of the 19 that 
showed low titer rises (up to 1:160) were either unvaccinated or had an unknown 
vaccination status with a high probability of not being vaccinated. This implies that 
vaccinated and, therefore, sensitized horses respond more strongly to exposure than 
unvaccinated. This implication is supported by the fact that the titers of 42 and 70 
unexposed horses either remained unchanged or dropped, respectively, during the 
summer. The results (Table 12 and 13) also suggest that without re-exposure (to vaccine 
or wild virus), immune titers begin to drop after about 3 months.
All the foregoing provide adequate justification to conservatively regard a single 
HI titer of 1:160 as a cut-off point between a negative and positive vaccinated horse. 
Thus, for this study, an HI titer of 1:320 or greater could be presumed as the result of
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exposure. This is supported, to some extent, by Hayes’s (1981) statement that an HI titer 
of 1:320 or greater in a single sample could be presumed a result of exposure.
Thus, at least 10 (3.7%) horses with spring HI titers ranging from 1:320 to 
1:1280 might be presumed to have been exposed possibly within the 3 months prior to 
being bled. If this was the case, then EEEV was active during the cold winter and early 
spring months. Field observation of Cs. melanura breeding activities during the winter 
months of 1995, to some extent, supports this idea and isolating the virus from this 
endemic vector during these months would fully support it.
For the paired sample (142 horses), the general criterion of a fourfold or greater 
increase in immune titer over the intervening period was applied. Seven horses (4.9%) 
satisfy the criterion and were regarded as having been exposed during the summer. Their 
HI titers ranged from 1:320 to 1:1280 and, thus, support the criterion of positivity 
proposed above for the single sample. These results imply that there was transmission 
during the summer of 1993, even though the year was non-epizootic and support those 
of the 1971 study by Maness and Calisher.
Four o f the fall newly bled-horses had single HI titers ranging from 1:320 to 
1:1280 and could be presumed as having been exposed possibly within the last 3 months 
of the summer. The immune response patterns exhibited in this group are similar to those 
in the single spring and paired samples, and, together or individually, these results 
suggest an even distribution of EEEV or its foci in the parish.
The results do not suggest any tangible relationships between age and reactivity 
of horses to exposure. An examination of the data (Tables 14A and B and Fig. 8) reveals
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a random distribution of reactivity in all ages. Sensitivity to exposure to both the vaccine 
and wild virus seems to be equally random, however, horses yield very high immune 
titers to the latter if vaccinated.
CONCLUSIONS
Apart from establishing the general distribution of EEEV in St. Tammany Parish, 
this study was designed to find answers to two important questions in the epidemiology 
and ecology of EEE, namely the disease maintenance mechanism during non-epizootic 
periods and its overwintering mechanism in southeast Louisiana.
The results indicate that EEE does not totally disappear during non-epizootic 
periods but that, perhaps because of immunity, low-level transmission may continue 
undetected by the currently used surveillance techniques. This is in support of the results 
of the 1971 study by Maness and Calisher (1981).
Doubts about the necessity of an external EEEV overwintering mechanism in the 
most southeastern states have been expressed by many investigators. The results of this 
study, supported to some extent by field observation of Cs. melanura activity in the 
winter, suggest that such a mechanism may, indeed, be unnecessary.
The results of this study imply that EEEV or its foci may be evenly distributed 
in the study parish, thus firmly establishing a base for future studies.
Based on their 1971 study, Maness and Calisher stated that the seemingly low 
EEEV activity during non-epizootic periods could not be detected by surveillance 
methods currently in use. Many authors have cited equine case surveillance as the most 
practical surveillance method, but have assumed that vaccinated horses are of little value
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for that purpose. The results of this study indicate that accessible unvaccinated horses are 
difficult to find and suggest that vaccinated horses could provide a sensitive and efficient 
tool for detecting inter-epidemic EEEV activity.
Finally, the above conclusions, especially that suggesting winter EEEV activity, 
could be confirmed by another similar, but longer, fall-spring-fall serological study. Such 
a study would easily detect any exposure to the virus during the winter and early spring 
and is, therefore, strongly recommended.
CHAPTER 6
GENERAL DISCUSSION OF PROJECT ACHIEVEMENTS AND FAILURES 
AND RECOMMENDATIONS FOR FURTHER RESEARCH
This research project was designed to find answers to the following
epidemiologically and ecologically important questions with regard to southeast
Louisiana:
1) the potential epidemic and bridging vectors of EEEV in different geographic
zones, habitats and foci;
2) the necessity of an overwintering mechanism in southeast Louisiana;
3) the whereabouts or the maintenance mechanism of EEEV during the sometimes
long inter-epidemic periods and
4) the local spatial and, perhaps, temporal distribution of EEEV in the study area
(St. Tammany Parish) and the physico-ecological factors impacting on these 
distributions.
There is consensus among investigators engaged in arbovirus research that 
answers to these questions cannot be the same in different parts of the virus range and 
perhaps that is why the questions still remain unanswered. There is also consensus that 
since Cs. melanura is primarily omithophilic and therefore only the endemic vector, 
other mosquito species that feed on birds (the amplification hosts) as well as horses and 
man (the epidemic hosts) must be transferring the virus from the former to the latter 
under certain favorable conditions. Furthermore, there is agreement that the epidemic 
vectors must be different in different geographic regions, habitats, and foci. Although
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these vectors have not yet been definitely identified, many are suspected in various 
geographic locations. For example, Cq. perturbans and Ae. sollicitans are the suspected 
vectors in New Jersey, the former in Michigan and the latter together with Ae. vexans 
generally in the southeastern US. These species, and many others from which EEEV has 
been isolated, are abundant and also suspected in Louisiana.
Two mosquito studies were designed to determine species that significantly feed 
on both horses and birds in southeast Louisiana as part of this research project. Such 
species could be epidemic and bridging vectors in this part of the virus range. These 
species had to be avid horse and bird feeders, be present in abundance at the times when 
EEEV activity peaks, and have a relatively long flight range. Results of the first study 
“The Horse Feeding Mosquito Species of Southeast Louisiana” revealed several species 
more or less satisfying these criteria. These were Cx. salinarius, Cx. (Melanoconion) 
spp. and Ae. vexans at all study sites regardless of physico-ecological factors; Ps. 
columbiae, Ps. ferox and Cq. perturbans only in areas with favorable conditions; and Ae. 
atlanticus and Ae. albopictus only in specific habitats close to epidemic host habitation 
when there is no human interference.
However, the results of this and the second study, “The Bird Feeding Mosquito 
Species of Southeast Louisiana With Reference to Their Potential as Vectors of Eastern 
Equine Encephalomyelitis,” indicated that only Cx.(Melanoconion) spp. populations 
increased and peaked simultaneously with EEEV activity, while populations of the other 
species dropped. Cx. quinquefasciatus was also found feeding on birds (represented by 
chickens) in abundance, but not on horses, implying that the species is also primarily
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ornithophilic and, therefore, not a potential epidemic vector. The third mosquito study 
intended to isolate EEEV from all the collected mosquitoes and to verify the vector 
potential of the various major species was less successful, in that the virus was not 
isolated even though seroconversion in chickens at the time had indicated virus activity. 
However, the study yielded 9 non-EEEV isolates, 7 of them from Cx. {Melanoconion) 
spp.
The mosquito studies revealed some noteworthy facts about Cx. (Melanoconion) 
spp: it shares breeding habitats with Cs. melanura; its population peaks in late summer 
and early fall when EEEV activity also peaks, and it has a preference for mammalian 
feeding, although birds are avidly fed upon when they are the most available hosts. These 
facts strongly suggest a species with a high potential as an epidemic and bridging vector 
of EEEV in southeast Louisiana.
Other achievements of the mosquito studies were:
1) they suggest that Cs. melanura prefers flying back to the swamp habitats after 
feeding on the birds at higher ground levels and will not rest in chicken coops;
2) the studies elucidated the difficulty of isolating EEEV from mosquitoes as well 
as the implications, in terms of epidemic risk, of such isolations, especially from 
species other than Cs. melanura.
A secondary objective of the mosquito studies (Chapter 2) was an attempt to 
assess the influence of environmental factors on the population dynamics and feeding 
patterns of the identified major mosquito species. The attempt had little success because 
of interference by an intensive and quite effective mosquito control program, the study
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period being too short, and insufficient effort dedicated to the assessment. However, in 
the well-drained uplands north of the study parish, fluctuations in host-seeking mosquito 
populations were evident with fluctuations in rainfall and a delayed response to sufficient 
rainfall was noted.
The chicken serological study, intended to establish the presence of and monitor 
EEEV activity in the study areas and to determine the transfer interval between the 
amplification and epidemic hosts was only partially successful. The EEEV presence was 
established in sentinel chickens and its activity successfully monitored. However, due to 
the effective mosquito control program mentioned above and, perhaps, the equine 
vaccination campaign resulting from this monitoring success, there were no outbreaks in 
horses or humans and therefore the interval could not be determined. As an added 
achievement, this study demonstrated that appropriately located private chicken yards, 
if available, could provide an inexpensive and effective EEEV monitoring mechanism.
Much was achieved by the serological study with horses, which was intended to 
deal with the inter-epidemic and possible winter activity of EEEV and its distribution in 
the study area. The results of the study indicated an even distribution of the virus and its 
foci within St. Tammany Parish. They also indicated that EEEV was active during the 
summer and that there was some transmission even though the year was a non-epizootic 
one. The results concerning EEEV winter activity were difficult to analyze because of 
the lack of background information on immune titer differences between vaccinated and 
unvaccinated horses. However, they strongly suggest continued activity of the virus 
throughout the winter months and are strongly supported by field observations of
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continued Cs. melanura activity during the 1994/95 winter months. This implies that an 
overwintering mechanism may not be necessary in southeast Louisiana and probably in 
the other southernmost states of the U. S. An added achievement of this study was that 
it served to demonstrate the hitherto unrecognized value of vaccinated horses in detecting 
low level inter-epidemic transmission of EEEV.
In conclusion, the achievements of this phase of the research project, with regard 
to stated objectives, can be listed as follows:
1) a potential epidemic vector has been suggested and requires further studying;
2) the continued existence of the virus and disease in the parish have been confirmed 
and its distribution determined, thus establishing the parish as a good base for 
future epidemiological and ecological studies of EEEV;
3) the doubts about continued EEEV inter-epidemic activity have been clarified and 
strong doubt has been cast on the necessity of an overwintering mechanism in 
Louisiana and possibly other southernmost states;
4) appropriately located private chicken yards have been demonstrated as an 
inexpensive and effective EEEV monitoring tool and vaccinated horses as a 
valuable tool for detecting and, perhaps, monitoring EEEV inter-epidemic 
activity;
5) Cs. melanura may have little or no preference for resting in chicken coops.
The following recommendations for further research are made based on the
current project results:
the results only suggest Cx. (Melanoconion) spp. as a likely epidemic and 
bridging vector of EEEV in southeast Louisiana. Involvement in an EEEV 
outbreak would provide sufficient confirmation of this vector potential. A virus 
isolation study of the species in the event of such an outbreak is strongly 
recommended with horse traps, chicken coops, or resting boxes as the preferred 
collection methods;
the results cast strong doubt on the necessity of an overwintering mechanism in 
southeast Louisiana. A longer fall-spring-fall horse serological study is required 
to verify these results. The cooperation of as many local veterinarians as possible 
must be sought for the study to succeed;
for reasons already stated, the current phase failed to satisfactorily assess the 
influence of environmental factors on the dynamics and feeding patterns of the 
established major horse and bird feeding mosquito species. A study, perhaps 
dedicated only to such an assessment in an area with little or no human 
interference, is required and recommended;
for reasons also already stated, the transfer interval could not be determined. 
Appropriate studies could be carried out in an area with little interference so that, 
in the event of an outbreak, the interval could be determined. It is important that 
the sentinel chicken yards or coops be located close to Cs. melanura breeding 
habitats;
finally, Cs. melanura breeding sites were established during the current phase of 
the project. Some of the tentative conclusions in this report were based on
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observations made at these sites. It is strongly recommended that some of the 
future studies on the ecology of EEEV, such as soil and vegetation 
characteristics, water quality, content, etc. be based at these sites.
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APPENDICES
1. THE STABLE TRAP USED FOR MOSQUITO STUDIES IN SOUTHEAST
LOUISIANA
Currently, investigators seem to favor mosquito horse baited traps made of tent 
and screen materials because of their relative lightness and ease of handling (Mitchell et 
al. 1985, Wilton et al. 1985). However, such traps can be used only with docile or, 
perhaps, pre-trained small size horses. Such animals may not be available where and 
when they are required and bringing them from other places may mean extra 
transportation and caretaker costs. The traps have been used for short study periods and 
cannot withstand rough bait horses and prolonged exposure to severe environmental 
conditions.
The stable trap used in the current mosquito studies was a modification of the 
Bates or Egyptian trap (Bates 1944, Service 1976). Comparative studies deemed this a 
better trap than many others of its kind in use at the time, in that it caught more 
mosquitoes with very few escaping (Bates 1944, DeZulueta, 1950). The current trap was 
constructed from treated (wolmerised) timber material and consisted of two separately 
constructed longer sides, with the roof and two doors comprising the two shorter sides.
The long sides were constructed from 2x4 planks nailed together to form a frame 
10 ft long and 8 ft high when upright. Two vertical cross-bars nailed to the long side at 
equal distances from each other and the sides and another horizontal cross-bar, fitted into 
grooves on all the uprights and bolted to them half way up, provided reinforcement to 
the frame. The baffle (pair), constructed from 1x6 planks nailed to an angled 7 inch
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piece of 2x4, was screwed to the 8 ft side, below and flush to the horizontal cross-bar. 
The baffle provided a 0.9 inch opening to the inside and a 7 inch opening to the outside. 
A pair of ring bolts were screwed to the front quarter of the horizontal cross-bar.
The 5 ft long and 8 ft high frame of the shorter sides was also constructed from 
2x4 planks. This frame also comprised the door frame. The doors were made of 2x2 
planks covered with a 0.5 inch CDX sheet of plywood three quarters up for the front 
door and one quarter up for the rear door. The back support for the door was provided 
by 1x2s nailed to the door frames. Security bolts were secured to the doors so that they 
could be locked from the outside when the trap is in operation.
The 10 ft long and 5 ft wide roof frame was also constructed of 2x4s with 2x2 
cross-bars providing reinforcement.
The two longer sides, the roof, three quarters of the rear door, and one quarter 
of the front door were covered with 16x18 mesh wire screen and, finally, all the sections 
were provided with bolt holes so that they could be assembled using bolts and wing nuts.
When assembled, the trap was 10 ft long, 5 ft wide and 8 ft high. It differed from 
the original Bates trap in the size of the frame, which could accommodate a full size 
horse; the mosquito wire screen covering which provided maximum escape of bait odors; 
absence of a floor, which allows complete portability; and the provision of tether ring 
bolts for immobilization of the bait horse (see figure below).
The bait horse is walked into the trap through the rear door and tethered to the 
ring bolts with its body in the center of the trap to prevent it from leaning or scratching 
against the sides of the trap. For rough, untrained horses, a small amount of feed keeps
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them quiet while being tethered. Also, by giving the feed at the beginning and end of 
each trapping time, the bait horse becomes used to the trap operator and attuned to the 
trapping regime, thus making it easier to handle. At the end of each trapping time, 
running a hand quietly and smoothly up and down the front quarter of the horse removes 
the mosquitoes that might still be feeding. The front door is opened after untethering the 
horse, which is then quietly removed and the door is closed until the mosquitoes are 
collected using a hand aspirator.
The trap remained intact through two summers of mosquito collections and can 
still be used for many more trapping seasons. The trap can be assembled and dismantled 
quickly, it is inexpensive to construct ($180 for the construction materials) and can hold 
horses of any size and temperament. Most importantly, the trap proved to be adequately 
efficient, i.e., the capture size can be used to effectively gauge the dynamics of host- 
seeking mosquito populations in and around the trap sites.
The trap was constructed with financial support from the St. Tammany Mosquito 
Control Board. The assistance of Baton Rouge carpenter Mr. Joe Porche (Big Joe) with 
the construction is greatly appreciated.
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2. FEMALE MOSQUITO CATCHES IN HORSE-BAITED TRAPS 1993, 1994. 
M^jor Species Totals Per Trap Week:
A. Folsom Site 1993
Species
Week # Date vex. Cx. sal. Cx. 
(Me lan.)
y4/i. crwc. Ps. co/.
1 06/25 0 0 0 1 2
2 07/01 3 2 5 2 7
3 07/09 2 1 9 1 1
4 07/15 1 2 20 4 14
5 07/23 4 6 21 6 153
6 07/29 0 1 4 1 17
7 08/05 19 6 15 5 20
8 08/12 0 0 6 4 12
9 08/18 0 0 9 4 8
10 08/25 0 0 28 3 7
11 08/31 1 4 27 2 14
Totals 30 22 144 33 255
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B. Mandeville Site 1993
Species
Week ft Date
Ae.
vex.
Cx.
sal.
Cx.
(Melon.)
Cq.
pert. Ae. all. An. cruc.
6 07/28 75 14 157 44 37 10
7 08/03 64 25 70 32 67 7
8 08/10 10 60 128 41 101 16
9 08/17 8 22 214 22 13 20
10 08/24 5 10 163 2 0 4
11 09/01 2 54 226 15 8 14
Total 164 185 958 156 226 71
C. Slidell Site 1993
Species
Week # Date
Ae.
vex.
Cx.
sal.
Cx. 
(Me lan.)
c ? n
pert.
Ps.
col.
Ps.
fer. j
An.
cruc.
6 07/28 23 38 250 58 54 62 14
7 08/03 3 97 132 42 53 26 10
8 08/10 2 11 3 5 10 3 5
9 08/17 4 7 17 14 3 6 4
10 08/24 1 18 66 12 21 1 7
11 09/01 13 18 354 4 0 21 6
Total 46 189 822 135 141 119 46
I l l
D. Folsom Site, 1994
Species
|  Week # Date Ae. vex. Cx. sal. Cx. (Melon) Ps. col. 4^rt. crwc.
1 04/12 0 1 0 0 1
2 04/19 4 8 0 3 1
3 04/26 3 62 0 1 4
4 05/03 4 38 0 2 6
5 05/10 78 73 0 5 8
6 05/17 6 214 0 26 44
7 05/24 3 5 2 0 13
8 05/31 2 47 0 2 22
9 06/07 17 142 48 89 34
10 06/14 1 21 12 5 0
11 06/21 1 25 35 6 7
12 06/28 1 18 51 7 6
13 07/05 2 32 85 10 7
14 07/11 0 32 126 19 4
15 07/19 0 6 24 72 0
16 07/27 5 21 33 17 0
17 08/02 0 7 47 26 6
18 08/09 0 5 38 5 6
19 08/15 0 10 55 3 1
20 08/23 0 0 24 0 1
21 08/30 0 4 28 5 1
22 09/06 0 0 12 1 1
23 09/14 0 2 25 0 1
24 09/20 1 1 0 0 2
Total 128 775 645 304 176
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E. Mandeviile Site, 1994
Species
1 Week 
1 #
Date Ae.
vex.
Cx.
sal.
Cc.
(Melan.)
Cq.
pert.
An.
cruc. quad.
1 04/14 57 91 0 8 11 0
2 04/20 6 116 0 12 12 0
3 04/27 18 1045 0 11 13 0
4 04/04 11 497 0 4 5 0
5 05/11 2 55 0 0 0 0
6 05/18 24 346 5 13 26 0
7 05/25 1 2 1 0 0 0
8 05/01 3 78 21 1 10 9
9 06/08 5 114 36 0 7 12
10 06/15 0 124 31 0 14 25
11 06/22 1 22 45 2 4 2
12 06/29 7 54 91 9 14 3
13 06/06 4 74 169 0 6 4
14 07/12 2 137 120 11 4 1
15 07/20 2 33 59 0 2 1
16 07/28 3 46 0 0 5 3
17 07/03 2 67 182 0 103 5
18 08/10 0 11 62 0 15 1
19 08/16 1 15 75 4 10 5
20 08/24 1 40 199 4 0 6
21 08/31 0 31 112 1 1 6
22 08/06 1 57 162 4 4 12
23 09/14 0 7 60 7 I 14
24 09/21 0 4 13 0 0 3
Total 151 3066 1443 91 267 112
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F. Slidell Site, 1994
Species
Week # Date
vex.
Cx. sal. Cx.
(Melon.)
Cq.
pert.
Ps.
fer.
An.
cruc.
1 04/15 91 1120 0 26 1 78
2 04/20 18 76 0 2 0 3
3 04/27 40 2219 0 44 14 89
4 04/04 55 1838 0 90 110 124
5 05/11 31 224 0 4 4 1
6 05/18 12 233 32 2 11 0
7 05/25 9 92 78 3 1 16
8 05/01 6 200 134 0 1 8
9 06/08 11 704 99 3 16 11
10 06/15 5 226 240 1 25 3
11 06/22 13 127 253 4 8 8
12 06/29 1 45 94 3 5 3
13 06/06 0 122 98 0 4 2
14 07/12 4 208 130 8 4 19
15 07/20 0 114 184 5 26 11
16 07/28 2 34 60 3 23 0
17 07/03 6 133 208 22 54 2
18 08/10 0 10 53 6 9 3
19 08/16 0 61 466 9 8 8
20 08/24 2 78 214 19 1 0
21 08/31 1 76 605 19 3 2
22 08/06 0 5 146 1 0 3
23 09/14 0 112 1935 20 3 7
24 09/21 2 100 1004 11 3 10
Total 309 8157 6033 305 334 412
Appendix 2 (cont’d.)
Note: Ae. = Aedes 
Cx. = Culex 
Ps. = Psophora 
An. = Anopheles 
Cq. =  Coquillettidia 
fer=  ferox 
cruc — crucians
vex. =  vexans
sal. =  salinarius
Melan. = Melanoconion spp.
pert. — perturbans
col. = columbiae
quad = quadrimaculatus
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3. TOTAL RAINFALL PER TRAP WEEK, 1993, 1994
A. 1993
Week # Date Folsom Mandeville Slidell
1 06/18-06/25 4.47 1.97 2.90
2 06/26-07/01 0.96 0.77 0.20
3 07/02-07/09 0.01 0.78 4.20
4 07/10-07/15 3.52 4.29 5.40
5 07/16-07/23 2.50 2.83 3.50
6 07/24-07/29 0.61 1.81 1.30
7 07/30-08/05 0.08 2.47 4.70
8 08/06-08/12 1.90 1.51 1.20
9 08/13-08/18 0.96 2.82 1.20
10 08/19-08/25 0.11 1.43 2.40
11 08/26-09/01 1.34 2.90 1.50
Totals 16.46 23.58 28.50
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B. 1994
W eek# Date Folsom Mandeville Slidell
11 06/14-06/22 0.30 2.10 1.00
12 06/23-06/29 2.00 1.00 1.50
13 06/30-07/06 1.00 0.20 0.30
14 07/07-07/12 3.30 3.70 3.70
15 07/13-07/19 1.30 2.00 3.10
16 07/20-07/27 1.20 0.80 1.00
17 07/28-08/02 0.30 1.20 1.00
18 08/03-08/09 0.60 1.30 1.00
19 08/10-08/16 0.20 0.30 0.20
20 08/17-08/23 0.30 0.20 0.80
21 08/24-08/30 0.20 0.10 0.35
22 09/01-09/06 0.20 2.20 1.10
23 09/07-09/13 0.50 0.60 0.25
24 09/14-09/20 0.80 2.80 3.00
Totals 12.20 18.50 18.30
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